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METHODS AND COMPOSITIONS FOR
MODULATING ALPHA-1-ANTITRYPSIN
EXPRESSION

CROSS REFERENCED TO RELATED
APPLICATIONS

This application is a U.S. National Phase filing under 35
U.S.C. §371 claiming priority to International Serial No.
PCT/US2013/033004 filed Mar. 19, 2013, which claims pri-
ority to U.S. Provisional Application 61/649,075, filed May
18,2012, and U.S. Provisional Application 61/612,793, filed
Mar. 19, 2012, each of which is incorporated herein by ref-
erence in its entirety.

SEQUENCE LISTING

The present application is being filed along with a
Sequence Listing in electronic format. The Sequence Listing
is provided as a file entitled BIOLO163USASEQ_ST25.1xt
created Aug. 15, 2014, which is 107 Kb in size. The informa-
tion in the electronic format of the sequence listing is incor-
porated herein by reference in its entirety.

FIELD

Provided are methods and compositions for reducing
expression of alpha-1 antitrypsin (A1AT) mRNA and protein
in an animal. Such methods and compositions are useful for
treating, ameliorating, preventing, slowing progression, or
stopping progression of diseases, disorders, and conditions
associated with alpha-1 antitrypsin deficiency (A1ATD).
Such diseases, disorders, and conditions associated with
A1ATD include liver diseases, such as alpha-1 antitrypsin
deficiency (A1ATD) associated liver disease, and pulmonary
diseases, such as A1ATD pulmonary disease.

BACKGROUND

Alpha-1 antitrypsin (also known as o -antitrypsin or
A1AT) is a 52 kD serpin glycoprotein produced in hepato-
cytes and in smaller quantities in phagocytes and lung epithe-
lial cells (Gettins, P. G. Chem. Rev. 2002. 102: 4751-4804).
A1AT is a protease inhibitor.

A1AT deficiency (A1ATD) is a genetic disorder associated
with the development of liver and lung disease (Bals, R. Best
Pract. Res. Clin. Gastroenterol. 2010. 24: 629-633). A1AT
deficiency is caused by homozygosity for the A1 AT mutant Z
gene and occurs in 1 in 2,000 births in many North American
and European populations (Teckman, J. H. Semin. Liver Dis.
2007. 27: 274-281). Additionally, recent studies have sug-
gested that the PiZ heterozygous state may be associated with
increased severity and worse outcome in liver disease of
known etiologies, such as HCV, alcoholic liver disease (ALD)
or NAFLD (Regev A. J. Pediatr. Gastroenterol. Nutr. 2006.
43: S30-S35). In the most common genetic deficiency (PiZ,
resulting from a mutation of glutamate to lysine at position
342 ofthe gene), there is accumulation of A1 AT in the liver as
a result of polymer formation (Stockley, R. A. Expert Opin.
Emerg. Drugs. 2010. 15: 685-694). The abnormal mutant
protein accumulates within the endoplasmic reticulum of
hepatocytes as intrahepatocytic globules. The result of this
intracellular accumulation in homozygous ZZ individuals is
an increased risk of chronic liver disease and hepatocellular
carcinoma (Perlmutter, D. H. et al., Hepatology. 2007. 45:
1313-1323; Teckman, J. H. et al., Curr. Gastroenterol. Rep.
2006. 8: 14-20; Eriksson, S. et al., Am. J. Respir. Crit. Care
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Med. 2003. 168: 856-869). There are no specific treatments
for A1ATD associated liver disease, other than liver trans-
plantation.

A1AT deficiency also predisposes individuals to the devel-
opment of chronic obstructive pulmonary disease (COPD)
and emphysema. In the absence of wild-type A1AT, neutro-
phil elastase is free to break down elastin, which contributes
to the elasticity of the lungs, resulting in respiratory disorders
(DeMeo, D. L. and Silverman, E. K. Thorax. 2004. 59: 259-
264). Also, in such patients, there is an excess of mutant A1AT
polymers, which are bound to the alveolar wall. This enables
the polymers to act as a chronic stimulus for neutrophil influx
in the lungs of A1 AT deficient individuals (Mahadeva, R. et
al., Am. J. Pathobiol. 2005. 166: 377-387).

Described herein are compositions and methods for modu-
lating A1 AT expression. The compounds and treatment meth-
ods described herein provide significant advantages over the
treatments options currently available for A1 AT-related dis-
orders.

SUMMARY

Provided herein are compounds that modulate expression
of A1AT mRNA and protein.

Certain embodiments describe compounds. In certain
embodiments, the compound is an antisense compound. In
certain embodiments, the compound comprises an oligo-
nucleotide. In certain embodiments, the oligonucleotide is an
antisense oligonucleotide. In certain embodiments, the oligo-
nucleotide is a modified oligonucleotide. In certain embodi-
ments, the oligonucleotide is a modified antisense oligo-
nucleotide. In certain embodiments, the compound
comprises a modified oligonucleotide consisting of 12 to 30
linked nucleosides and having a nucleobase sequence com-
prising at least 8 contiguous nucleobases of a sequence set out
in the sequence listing as one of SEQ ID NOs: 20-41. Certain
embodiments describe a composition comprising a com-
pound. In certain embodiments, the composition comprises a
compound according to any of the embodiments as described
herein or a salt thereof and a pharmaceutically acceptable
carrier or diluent.

In certain embodiments, provided are compounds and
compositions according to any of the embodiments as
described herein for use in therapy.

Provided herein are methods for modulating expression of
A1AT mRNA and protein. In certain embodiments, A1AT
specific inhibitors modulate expression of AIAT mRNA and
protein. In certain embodiments, A1AT specific inhibitors are
nucleic acids, proteins, or small molecules.

In certain embodiments, modulation can occur in a cell or
tissue. In certain embodiments, the cell or tissue is in an
animal. In certain embodiments, the animal is a human. In
certain embodiments, A1AT mRNA levels are reduced. In
certain embodiments, A1AT protein levels are reduced. In
certain embodiments, AIAT mRNA and protein levels are
reduced. In certain embodiments, mutant A1 AT mRNA and
protein levels are reduced. Such reduction can occur in a
time-dependent manner or in a dose-dependent manner.

Also provided are methods useful for treating, ameliorat-
ing, preventing, slowing progression, or stopping progression
of diseases, disorders, and conditions associated with
A1ATD. In certain embodiments, such diseases, disorders,
and conditions associated with A1 ATD include liver diseases,
such as alpha-1 antitrypsin deficiency (A1ATD) associated
liver disease, viral liver disease, and nonalcoholic steatohepa-
titis (NASH). In certain embodiments, A1ATD exacerbates
underlying liver diseases. In certain embodiments, diseases,
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disorders, and conditions associated with A1ATD include
pulmonary diseases, such as alpha-1 antitrypsin deficiency
(A1ATD) associated pulmonary disease, chronic obstructive
pulmonary disease (COPD), and emphysema. In certain
embodiments, A1ATD exacerbates underlying pulmonary
diseases.

Diseases, disorders, and conditions associated with
A1ATD can have one or more risk factors, causes, or out-
comes in common. Certain risk factors and causes for devel-
opment of diseases, disorders, and conditions associated with
A1ATD include genetic predisposition to alpha-1 antitrypsin
deficiency. In certain embodiments, a defect in an individu-
al’s genetic code for alpha-1 antitrypsin (A1AT) is respon-
sible for diseases, disorders, and conditions associated with
A1ATD, such as, liver diseases and pulmonary diseases. In
certain embodiments, genetic mutations lead to expression of
mutant A1AT. In certain embodiments, mutant A1AT forms
aggregates which are retained in the liver, causing liver dys-
function or hepatic toxicity. Certain outcomes associated
with liver disease, including A1ATD associated liver disease,
include abdominal swelling or pain, bruising easily, dark
urine, light colored stools, itching all over the body, vomiting
blood, passing bloody or black stools, jaundice, lack of nor-
mal weight and height gain in children, liver cirrhosis, and
death. In certain embodiments, mutant A1AT forms aggre-
gates which are retained in the lung, causing pulmonary dys-
function or pulmonary disease. Certain outcomes associated
with pulmonary disease, including A1ATD associated pul-
monary disease, include chronic cough, fatigue, respiratory
infections, shortness of breath (dyspnea), wheezing, pulmo-
nary hypertension, heart disease, and death.

In certain embodiments, methods of treatment include
administering an A1AT specific inhibitor to an individual in
need thereof. In certain embodiments, the A1AT specific
inhibitor is a nucleic acid. In certain embodiments, the
nucleic acid is an antisense compound. In certain embodi-
ments, the antisense compound is a modified oligonucleotide.
In certain embodiments, the modified oligonucleotide
reduces A1AT protein levels, which alleviates hepatic toxic-
ity induced by protein aggregates. In certain embodiments,
the modified oligonucleotide reduces A1AT protein in the
liver. In certain embodiments, the modified oligonucleotide
reduces A1AT protein levels, which alleviates pulmonary
dysfunction induced by protein aggregates. In certain
embodiments, the modified oligonucleotide reduces A1AT
protein in the lung. In certain embodiments, the A1AT protein
is mutant A1AT protein.

DETAILED DESCRIPTION

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the inven-
tion, as claimed. Herein, the use of the singular includes the
pluralunless specifically stated otherwise. As used herein, the
use of “or” means “and/or” unless stated otherwise. Addition-
ally, as used herein, the use of “and” means “and/or” unless
stated otherwise. Furthermore, the use of the term “includ-
ing” as well as other forms, such as “includes” and
“included”, is not limiting. Also, terms such as “clement” or
“component” encompass both elements and components
comprising one unit and elements and components that com-
prise more than one subunit, unless specifically stated other-
wise.

The section headings used herein are for organizational
purposes only and are not to be construed as limiting the
subject matter described. All documents, or portions of docu-
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ments, cited in this disclosure, including, but not limited to,
patents, patent applications, published patent applications,
articles, books, treatises, and GENBANK Accession Num-
bers and associated sequence information obtainable through
databases such as National Center for Biotechnology Infor-
mation (NCBI) and other data referred to throughout in the
disclosure herein are hereby expressly incorporated by refer-
ence for the portions of the document discussed herein, as
well as in their entirety.

DEFINITIONS

Unless specific definitions are provided, the nomenclature
utilized in connection with, and the procedures and tech-
niques of, analytical chemistry, synthetic organic chemistry,
and medicinal and pharmaceutical chemistry described
herein are those well known and commonly used in the art.
Standard techniques may be used for chemical synthesis, and
chemical analysis.

Unless otherwise indicated, the following terms have the
following meanings:

“2'-O-methoxyethyl” (also 2'-MOE and 2'-O(CH,),—
OCH,) refers to an O-methoxy-ethyl modification of the 2'
position of a furanosyl ring. A 2'-O-methoxyethyl modified
sugar is a modified sugar.

“2-MOE nucleoside” (also 2'-O-methoxyethyl nucleo-
side) means a nucleoside comprising a 2'-MOE modified
sugar moiety.

“2'-substituted nucleoside” means a nucleoside compris-
ing a substituent at the 2'-position of the furanosyl ring other
than H or OH. In certain embodiments, 2' substituted nucleo-
sides include nucleosides with bicyclic sugar modifications.

“3' target site” refers to the nucleotide of a target nucleic
acid which is complementary to the 3'-most nucleotide of a
particular antisense compound.

“5' target site” refers to the nucleotide of a target nucleic
acid which is complementary to the 5'-most nucleotide of a
particular antisense compound.

“S-methylcytosine” means a cytosine modified with a
methyl group attached to the 5' position. A 5-methylcytosine
is a modified nucleobase.

“A1AT nucleic acid” or “alpha-1 antitrypsin nucleic acid”
means any nucleic acid encoding A1AT. For example, in
certain embodiments, a A1AT nucleic acid includes a DNA
sequence encoding A1AT, an RNA sequence transcribed
from DNA encoding A1AT (including genomic DNA com-
prising introns and exons), and an mRNA sequence encoding
A1AT. “A1AT mRNA” means an mRNA encoding an A1AT
protein.

“A1AT specific inhibitor” refers to any agent capable of
specifically inhibiting the expression of A1 AT mRNA and/or
A1AT protein at the molecular level. For example, A1AT
specific inhibitors include nucleic acids (including antisense
compounds), peptides, antibodies, small molecules, and
other agents capable of inhibiting the expression of A1AT
mRNA and/or A1AT protein.

“A1ATD” or “alpha-1 antitrypsin deficiency” means lack
of sufficient A1AT necessary for normal function. A1ATD
may occur due to expression of mutant A1 AT, which is char-
acterized by abnormal folding of the protein, which may
cause A1AT to aggregate in a patient’s liver, thus, allowing
only small amounts of A1AT to be released into the blood.

“A1ATD associated liver disease” or “alpha-1 antitrypsin
deficiency associated liver disease” means liver dysfunction
and/or hepatic toxicity associated with alpha-1 antitrypsin
deficiency. Symptoms and outcomes of A1ATD associated
liver disease include abdominal swelling or pain, bruising
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easily, dark urine, light colored stools, itching all over his
body, vomiting blood, passing bloody or black stools, jaun-
dice, lack of normal weight and height gain in children, liver
cirrhosis, and death. Although not limited by mechanism, it is
theorized that A1ATD is caused by a mutant form of A1AT
which forms protein aggregates that are retained in a patient’s
liver. The presence of such aggregates interferes with proper
function of the liver resulting in liver dysfunction and hepatic
toxicity. Examples of A1ATD associated liver diseases
include, but are not limited to, cirrhosis and liver cancer.

“A1ATD associated pulmonary disease” or “alpha-1 antit-
rypsin deficiency associated pulmonary disease” means pul-
monary dysfunction associated with alpha-1 antitrypsin defi-
ciency. Symptoms and outcomes of AIATD associated
pulmonary disease include chronic cough, fatigue, respira-
tory infections, shortness of breath (dyspnea), wheezing, pul-
monary hypertension, heart disease, and death. Although not
limited by mechanism, it is theorized that A1ATD is caused
by a mutant form of A1AT which forms protein aggregates
that are retained in a patient’s lungs. The presence of such
aggregates interferes with proper function of the lungs result-
ing in lung dysfunction. Examples of A1ATD associated pul-
monary diseases include, but are not limited to, chronic
obstructive pulmonary diseases (COPD) such as chronic
bronchitis or emphysema.

“About” means within +7% of a value. For example, if it is
stated, “the compounds affected at least about 70% inhibition
of A1AT™, it is implied that the A1AT levels are inhibited
within a range of 63% and 77%.

“Active pharmaceutical agent” means the substance or sub-
stances in a pharmaceutical composition that provide a thera-
peutic benefit when administered to an individual. For
example, in certain embodiments an antisense oligonucle-
otide targeted to A1AT is an active pharmaceutical agent.

“Active target region” or “target region” means a region to
which one or more active antisense compounds is targeted.
“Active antisense compounds” means antisense compounds
that reduce target nucleic acid levels or protein levels.

“Administered concomitantly” refers to the co-administra-
tion of two agents in any manner in which the pharmacologi-
cal effects of both are manifest in the patient at the same time.
Concomitant administration does not require that both agents
be administered in a single pharmaceutical composition, in
the same dosage form, or by the same route of administration.
The effects of both agents need not manifest themselves at the
same time. The effects need only be overlapping for a period
of time and need not be coextensive.

“Administering” means providing a pharmaceutical agent
to an individual, and includes, but is not limited to adminis-
tering by a medical professional and self-administering.

“Amelioration” or “ameliorate” or “ameliorating” refers to
a lessening of at least one indicator, sign, or symptom of an
associated disease, disorder, or condition. The severity of
indicators may be determined by subjective or objective mea-
sures, which are known to those skilled in the art.

“Animal” refers to a human or non-human animal, includ-
ing, but not limited to, mice, rats, rabbits, dogs, cats, pigs, and
non-human primates, including, but not limited to, monkeys
and chimpanzees.

“Antibody” refers to a molecule characterized by reacting
specifically with an antigen in some way, where the antibody
and the antigen are each defined in terms of the other. Anti-
body may refer to a complete antibody molecule or any frag-
ment or region thereof, such as the heavy chain, the light
chain, Fab region, and Fc region.

“Antisense activity” means any detectable or measurable
activity attributable to the hybridization of an antisense com-
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pound to its target nucleic acid. In certain embodiments,
antisense activity is a decrease in the amount or expression of
atarget nucleic acid or protein encoded by such target nucleic
acid.

“Antisense compound” means an oligomeric compound
that is capable of undergoing hybridization to a target nucleic
acid through hydrogen bonding. Examples of antisense com-
pounds include, but are not limited to, single-stranded and
double-stranded compounds, such as, antisense oligonucle-
otides, siRNAs and shRNAs.

“Antisense inhibition” means reduction of target nucleic
acid levels or target protein levels in the presence of an anti-
sense compound complementary to a target nucleic acid com-
pared to target nucleic acid levels or target protein levels in the
absence of the antisense compound.

“Antisense oligonucleotide” means a single-stranded oli-
gonucleotide having a nucleobase sequence that permits
hybridization to a corresponding region or segment of a target
nucleic acid.

“Antisense mechanisms” are all those mechanisms involv-
ing hybridization of a compound with target nucleic acid,
wherein the outcome or effect of the hybridization is either
target degradation or target occupancy with concomitant
stalling of the cellular machinery involving, for example,
transcription or splicing.

“Base complementarity” refers to the capacity for the pre-
cise base pairing of nucleobases of an antisense oligonucle-
otide with corresponding nucleobases in a target nucleic acid
(i.e., hybridization), and is mediated by Watson-Crick,
Hoogsteen or reversed Hoogsteen hydrogen binding between
corresponding nucleobases. “Bicyclic sugar moiety” means a
modified sugar moiety comprising a 4 to 7 membered ring
(including but not limited to a furanosyl) comprising a bridge
connecting two atoms of the 4 to 7 membered ring to form a
second ring, resulting in a bicyclic structure. In certain
embodiments, the 4 to 7 membered ring is a sugar ring. In
certain embodiments the 4 to 7 membered ring is a furanosyl.
In certain such embodiments, the bridge connects the 2'-car-
bon and the 4'-carbon of the furanosyl.

“Bicyclic nucleic acid” or “BNA” or “BNA nucleosides”
means nucleic acid monomers having a bridge connecting
two carbon atoms between the 4' and 2' position of the nucleo-
side sugar unit, thereby forming a bicyclic sugar. Examples of
such bicyclic sugar include, but are not limited to A) a-L-
Methyleneoxy (4'-CH,—0—2") LNA, (B) p-D-Methyl-
eneoxy (4'-CH,—0O—2") LNA, (C) Ethyleneoxy (4'—
(CH,),—0—2")LNA, (D) Aminooxy (4-CH,—O—N[R)—
2") LNA and (E) Oxyamino (4'-CH,—N(R)—0O—2") LNA,
as depicted below.

A
(0]
O\ Bx
®)
O. Bx
\O



US 9,340,784 B2

7

-continued
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)
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As used herein, LNA compounds include, but are not lim-
ited to, compounds having at least one bridge between the 4'
and the 2' position of the sugar wherein each of the bridges
independently comprises 1 or from 2 to 4 linked groups
independently selected from —[C(R,)(R,)],—, —C(R,)—C
R)— —CR)=N— —CENR)—, —C(—0)—,
—C(=S)—, —0—, —SiR)),—, —S(=0),— and
—N(@R,)—; wherein: xis 0, 1, or2; nis 1, 2, 3, or 4; each R,
and R, is, independently, H, a protecting group, hydroxyl,
C,-C,, alkyl, substituted C,-C, , alkyl, C,-C,, alkenyl, sub-
stituted C,-C,, alkenyl, C,-C,, alkynyl, substituted C,-C,,
alkynyl, C5-C,, aryl, substituted C,-C,, aryl, a heterocycle
radical, a substituted heterocycle radical, heteroaryl, substi-
tuted heteroaryl, C5-C, alicyclic radical, substituted Cs-C,
alicyclic radical, halogen, OJ,, NJ,J,, SJ;, N;, COOJ,, acyl
(C(=0)—H), substituted acyl, CN, sulfonyl (S(—0),-J,), or
sulfoxyl (S(—0)-J,); and each J, and J, is, independently, H,
C,-C,, alkyl, substituted C,-C, , alkyl, C,-C,, alkenyl, sub-
stituted C,-C,, alkenyl, C,-C,, alkynyl, substituted C,-C,,
alkynyl, C5-C,, aryl, substituted C5-C, aryl, acyl (C(—0)—
H), substituted acyl, a heterocycle radical, a substituted het-
erocycle radical, C,-C, , aminoalkyl, substituted C,-C, , ami-
noalkyl or a protecting group.

Examples of 4'-2' bridging groups encompassed within the
definition of LNA include, but are not limited to one of
formulae: —CR)R)],— —ICRDR)],—0—,
—C(RR,)NR,)>—O0— or —C(R;R,)—O0—NR,)—.
Furthermore, other bridging groups encompassed with the
definition of LNA are 4'-CH,-2', 4'-(CH,),-2', 4'-(CH,),-2',
4'-CH,—0—2',4'-(CH,),—0—2', 4-CH,—O—N(R  )—2'
and 4'-CH,—N(R,)—O—2"-bridges, wherein each R, and
R, is, independently, H, a protecting group or C,-C, , alkyl.

Also included within the definition of LNA are LNAs in
which the 2'-hydroxyl group of the ribosyl sugar ring is con-
nected to the 4' carbon atom of the sugar ring, thereby forming
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a methyleneoxy (4'-CH,—0-2") bridge to form the bicyclic
sugar moiety. The bridge can also be a methylene (—CH,—)
group connecting the 2' oxygen atom and the 4' carbon atom,
for which the term methyleneoxy (4'-CH,—O—2") LNA is
used. Furthermore; in the case of the bicylic sugar moiety
having an ethylene bridging group in this position, the term
ethyleneoxy (4'-CH,CH,—O—2") LNA is used. a-L-meth-
yleneoxy (4'-CH,—O0—2"), an isomer of methylencoxy (4'-
CH,—O0—2") LNA is also encompassed within the definition
of LNA, as used herein.

“Cap structure” or “terminal cap moiety” means chemical
modifications, which have been incorporated at either termi-
nus of an antisense compound.

“cEt” or “constrained ethyl” means a bicyclic nucleoside
having a sugar moiety comprising a bridge connecting the
4'-carbon and the 2'-carbon, wherein the bridge has the for-
mula: 4'-CH(CH;)—0—2".

“Constrained ethyl nucleoside” (also cEt nucleoside)
means a nucleoside comprising a bicyclic sugar moiety com-
prising a 4'-CH(CH;)—0O—2' bridge.

“Chemically distinct region” refers to a region of an anti-
sense compound that is in some way chemically different than
another region of the same antisense compound. For example,
a region having 2'-O-methoxyethyl nucleotides is chemically
distinct from a region having nucleotides without 2'-O-meth-
oxyethyl modifications.

“Chimeric antisense compound” means an antisense com-
pound that has at least two chemically distinct regions.

“Co-administration” means administration of two or more
pharmaceutical agents to an individual. The two or more
pharmaceutical agents may be in a single pharmaceutical
composition, or may be in separate pharmaceutical composi-
tions. Each of the two or more pharmaceutical agents may be
administered through the same or different routes of admin-
istration. Co-administration encompasses parallel or sequen-
tial administration.

“Comprise,” “comprises” and “comprising” will be under-
stood to imply the inclusion of a stated step or element or
group of steps or elements but not the exclusion of any other
step or element or group of steps or elements. “Complemen-
tarity” means the capacity for base pairing between nucleo-
bases of a first nucleic acid and a second nucleic acid. “Con-
tiguous nucleobases” means nucleobases immediately
adjacent to each other.

“Deoxyribonucleotide” means a nucleotide having a
hydrogen at the 2' position of the sugar portion of the nucle-
otide. Deoxyribonucleotides may be modified with any of a
variety of substituents.

“Designing” or “Designed to” refer to the process of
designing an oligomeric compound that specifically hybrid-
izes with a selected nucleic acid molecule.

“Downstream” refers to the relative direction toward the 3'
end or C-terminal end of a nucleic acid.

“Diluent” means an ingredient in a composition that lacks
pharmacological activity, but is pharmaceutically necessary
or desirable. For example, the diluent in an injected compo-
sition may be a liquid, e.g. saline solution.

“Dose” means a specified quantity of a pharmaceutical
agent provided in a single administration, or in a specified
time period. In certain embodiments, a dose may be admin-
istered in one, two, or more boluses, tablets, or injections. For
example, in certain embodiments where subcutaneous
administration is desired, the desired dose requires a volume
not easily accommodated by a single injection, therefore, two
or more injections may be used to achieve the desired dose. In
certain embodiments, the pharmaceutical agent is adminis-
tered by infusion over an extended period of time or continu-
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ously. Doses may be stated as the amount of pharmaceutical
agent per hour, day, week, or month.

“Effective amount” means the amount of active pharma-
ceutical agent sufficient to effectuate a desired physiological
outcome in an individual in need of the agent. The effective
amount may vary among individuals depending on the health
and physical condition of the individual to be treated, the
taxonomic group of the individuals to be treated, the formu-
lation of the composition, assessment of the individual’s
medical condition, and other relevant factors.

“Efficacy” means the ability to produce a desired effect.

“Expression” includes all the functions by which a gene’s
coded information is converted into structures present and
operating in a cell. Such structures include, but are not limited
to the products of transcription and translation.

“Fibrosis” refers to the formation of fibrous tissue. Excess
fibrosis in an organ or tissue can lead to a thickening of the
affected area and scar formation. Fibrosis can lead to organ or
tissue damage and a decrease in the function of the organ or
tissue. Examples of fibrosis include, but is not limited to,
cirrhosis (fibrosis of the liver) and pulmonary fibrosis (fibro-
sis of the lung).

“Fully complementary” or “100% complementary” means
each nucleobase of a first nucleic acid has a complementary
nucleobase in a second nucleic acid. In certain embodiments,
a first nucleic acid is an antisense compound and a target
nucleic acid is a second nucleic acid.

“Gapmer” means a chimeric antisense compound in which
an internal region having a plurality of nucleosides that sup-
port RNase H cleavage is positioned between external regions
having one or more nucleosides, wherein the nucleosides
comprising the internal region are chemically distinct from
the nucleoside or nucleosides comprising the external
regions. The internal region may be referred to as a “gap” and
the external regions may be referred to as the “wings.”

“Gap-widened” means a chimeric antisense compound
having a gap segment of 12 or more contiguous 2'-deoxyri-
bonucleosides positioned between and immediately adjacent
to 5' and 3' wing segments having from one to six nucleosides.

“Hybridization” means the annealing of complementary
nucleic acid molecules. In certain embodiments, complemen-
tary nucleic acid molecules include an antisense compound
and a target nucleic acid.

“Identifying an animal at risk for developing A1ATD asso-
ciated liver disease” means identifying an animal having been
diagnosed with A1ATD associated liver disease or identify-
ing an animal predisposed to develop A1ATD associated liver
disease. Individuals predisposed to develop an A1ATD asso-
ciated liver disease include those having one or more risk
factors for A1ATD associated liver disease, including, having
a personal or family history of A1ATD or A1ATD associated
liver disease. Such identification may be accomplished by any
method including evaluating an individual’s medical history
and standard clinical tests or assessments, such as genetic
testing.

“Identifying an animal at risk for developing A1ATD asso-
ciated pulmonary disease” means identifying an animal hav-
ing been diagnosed with A1ATD associated pulmonary dis-
ease or identifying an animal predisposed to develop A1ATD
associated pulmonary disease. Individuals predisposed to
develop an A1ATD associated pulmonary disease include
those having one or more risk factors for A1ATD associated
pulmonary disease, including, having a personal or family
history of A1ATD or A1ATD associated pulmonary disease.
Such identification may be accomplished by any method
including evaluating an individual’s medical history and stan-
dard clinical tests or assessments, such as genetic testing.
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“Immediately adjacent” means there are no intervening
elements between the immediately adjacent elements.

“Individual” means a human or non-human animal
selected for treatment or therapy.

“Induce™, “inhibit”, “potentiate”, “elevate”, “increase”,
“decrease”, upregulate”, “downregulate”, or the like, gener-
ally denote quantitative differences between two states.

“Inhibiting A1AT” means reducing expression of A1AT
mRNA and/or protein levels in the presence of an A1AT
specific inhibitor, including an A1AT antisense oligonucle-
otide, as compared to expression of A1AT mRNA and/or
protein levels in the absence of an A1AT specific inhibitor,
such as an A1AT antisense oligonucleotide.

“Internucleoside linkage” refers to the chemical bond
between nucleosides.

“ISIS number” refers to an A1AT specific inhibitor that is
a modified antisense oligonucleotide having the nucleobase
sequence specified by the associated SEQ ID NO and the
chemistry and motif associated in the related example sec-
tion. For example, “ISIS 487660 means an A1AT specific
inhibitor that is a modified antisense oligonucleotide having
the nucleobase sequence (from 5' to 3') “CCAGCTCAAC-
CCTTCTTTAA”, incorporated herein as SEQ ID NO: 38, a
5-10-5 MOE gapmer, wherein each internucleoside linkage is
aphosphorothioate internucleoside linkage and each cytosine
is a 5-methylcytosine, and each of nucleosides 1-5 and 16-20
comprise a 2'-O-methoxyethyl sugar moiety. For example,
“ISIS 496407” means an A1AT specific inhibitor that is a
modified antisense oligonucleotide having the nucleobase
sequence (from 5' to 3") “CTTCTTTAATGTCATCCAGG”,
incorporated herein as SEQ ID NO: 29, a 5-10-5 MOE gap-
mer, wherein each internucleoside linkage is a phospho-
rothioate internucleoside linkage and each cytosine is a 5-me-
thylcytosine, and each of nucleosides 1-5 and 16-20 comprise
a 2'-O-methoxyethyl sugar moiety.

“Linked deoxynucleoside” means a nucleic acid base (A,
G, C, T, U) substituted by deoxyribose linked by a phosphate
ester to form a nucleotide.

“Linked nucleosides” means adjacent nucleosides which
are bonded together.

“Mismatch” or “non-complementary nucleobase” refers to
the case when a nucleobase of a first nucleic acid is not
capable of base pairing with the corresponding nucleobase of
a second or target nucleic acid.

“Modified internucleoside linkage” refers to a substitution
or any change from a naturally occurring internucleoside
bond (i.e., a phosphodiester internucleoside bond).

“Modified nucleobase” refers to any nucleobase other than
adenine, cytosine, guanine, thymidine, or uracil. An
“unmodified nucleobase” means the purine bases adenine (A)
and guanine (G), and the pyrimidine bases thymine (T),
cytosine (C), and uracil (U).

“Modified nucleoside” means a nucleoside having, inde-
pendently, a modified sugar moiety and/or modified nucleo-
base.

“Modified nucleotide” means a nucleotide having, inde-
pendently, a modified sugar moiety, modified internucleoside
linkage, or modified nucleobase. A “modified nucleoside”
means a nucleoside having, independently, a modified sugar
moiety or modified nucleobase.

“Modified oligonucleotide” means an oligonucleotide
comprising a modified internucleoside linkage, a modified
sugar, or a modified nucleobase.

“Modified sugar” refers to a substitution or change from a
natural sugar.

“Motif” means the pattern of chemically distinct regions in
an antisense compound.
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“Naturally occurring internucleoside linkage” means a 3'
to 5' phosphodiester linkage.

“Natural sugar moiety” means a sugar found in DNA (2'-H)
or RNA (2'-OH).

“Non-complementary nucleobase” refers to a pair of
nucleobases that do not form hydrogen bonds with one
another or otherwise support hybridization.

“Nucleic acid” refers to molecules composed of mono-
meric nucleotides. A nucleic acid includes ribonucleic acids
(RNA), deoxyribonucleic acids (DNA), single-stranded
nucleic acids, double-stranded nucleic acids, small interfer-
ing ribonucleic acids (siRNA), and microRNAs (miRNA).

“Nucleobase” means a heterocyclic moiety capable of base
pairing with a base of another nucleic acid.

“Nucleobase complementarity” refers to a nucleobase that
is capable of base pairing with another nucleobase. For
example, in DNA, adenine (A) is complementary to thymine
(). For example, in RNA, adenine (A) is complementary to
uracil (U). In certain embodiments, complementary nucleo-
base refers to a nucleobase of an antisense compound that is
capable of base pairing with a nucleobase of its target nucleic
acid. For example, if a nucleobase at a certain position of an
antisense compound is capable of hydrogen bonding with a
nucleobase at a certain position of a target nucleic acid, then
the position of hydrogen bonding between the oligonucle-
otide and the target nucleic acid is considered to be comple-
mentary at that nucleobase pair.

“Nucleobase sequence” means the order of contiguous
nucleobases independent of any sugar, linkage, or nucleobase
modification.

“Nucleoside” means a nucleobase linked to a sugar.

“Nucleoside mimetic” includes those structures used to
replace the sugar or the sugar and the base and not necessarily
the linkage at one or more positions of an oligomeric com-
pound such as for example nucleoside mimetics having mor-
pholino, cyclohexenyl, cyclohexyl, tetrahydropyranyl, bicy-
clo, or tricyclo sugar mimetics, e.g., non furanose sugar units.
Nucleotide mimetic includes those structures used to replace
the nucleoside and the linkage at one or more positions of an
oligomeric compound such as for example peptide nucleic
acids or morpholinos (morpholinos linked by —N(H)—C
(=0)—O— or other non-phosphodiester linkage). Sugar
surrogate overlaps with the slightly broader term nucleoside
mimetic but is intended to indicate replacement of the sugar
unit (furanose ring) only. The tetrahydropyranyl rings pro-
vided herein are illustrative of an example of a sugar surrogate
wherein the furanose sugar group has been replaced with a
tetrahydropyranyl ring system.

“Nucleotide” means a nucleoside having a phosphate
group covalently linked to the sugar portion of the nucleoside.

“Oligomeric compound” or “oligomer” means a polymer
oflinked monomeric subunits which is capable ot hybridizing
to at least a region of a nucleic acid molecule.

“Oligonucleotide” means a polymer of linked nucleosides
each of which can be modified or unmodified, independent
one from another.

“Parenteral administration” means administration through
injection or infusion. Parenteral administration includes sub-
cutaneous administration, intravenous administration, intra-
muscular administration, intraarterial administration, intrap-
eritoneal administration, or intracranial administration, e.g.,
intrathecal or intracerebroventricular administration.

“Peptide” means a molecule formed by linking at least two
amino acids by amide bonds. Peptide refers to polypeptides
and proteins.

“Pharmaceutical composition” means a mixture of sub-
stances suitable for administering to an individual. For
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example, a pharmaceutical composition may comprise one or
more active pharmaceutical agents and a sterile aqueous solu-
tion.

“Pharmaceutically acceptable derivative” encompasses
pharmaceutically acceptable salts, conjugates, prodrugs or
isomers of the compounds described herein.

“Pharmaceutically acceptable salts” means physiologi-
cally and pharmaceutically acceptable salts of antisense com-
pounds, i.e., salts that retain the desired biological activity of
the parent oligonucleotide and do not impart undesired toxi-
cological effects thereto.

“Phosphorothioate linkage” means a linkage between
nucleosides where the phosphodiester bond is modified by
replacing one of the non-bridging oxygen atoms with a sulfur
atom. A phosphorothioate linkage (P—S) is a modified inter-
nucleoside linkage.

“Portion” means a defined number of contiguous (i.e.,
linked) nucleobases of a nucleic acid. In certain embodi-
ments, a portion is a defined number of contiguous nucleo-
bases of a target nucleic acid. In certain embodiments, a
portion is a defined number of contiguous nucleobases of an
antisense compound.

“Prevent” or “preventing” refers to delaying or forestalling
the onset or development of a disease, disorder, or condition
for a period of time from minutes to indefinitely. Prevent also
means reducing risk of developing a disease, disorder, or
condition.

“Prodrug” means a therapeutic agent that is prepared in an
inactive form that is converted to an active form within the
body or cells thereof by the action of endogenous enzymes or
other chemicals or conditions.

“Pulmonary administration” means administration topical
to the surface of the respiratory tract. Pulmonary administra-
tion includes nebulization, inhalation, or insufflation of pow-
ders or aerosols, by mouth and/or nose.

“Region” is defined as a portion of the target nucleic acid
having at least one identifiable structure, function, or charac-
teristic.

“Ribonucleotide” means a nucleotide having a hydroxy at
the 2' position of the sugar portion of the nucleotide. Ribo-
nucleotides may be modified with any of a variety of substitu-
ents.

“Segments” are defined as smaller or sub-portions of
regions within a target nucleic acid.

“Sites,” as used herein, are defined as unique nucleobase
positions within a target nucleic acid. “Side effects” means
physiological responses attributable to a treatment other than
the desired effects. In certain embodiments, side effects
include injection site reactions, liver function test abnormali-
ties, renal function abnormalities, liver toxicity, renal toxicity,
central nervous system abnormalities, myopathies, and mal-
aise. For example, increased aminotransferase levels in serum
may indicate liver toxicity or liver function abnormality. For
example, increased bilirubin may indicate liver toxicity or
liver function abnormality.

“Single-stranded oligonucleotide” means an oligonucle-
otide which is not hybridized to a complementary strand.

“Specifically hybridizable” refers to an antisense com-
pound having a sufficient degree of complementarity between
an antisense oligonucleotide and a target nucleic acid to
induce a desired effect, while exhibiting minimal or no effects
onnon-target nucleic acids under conditions in which specific
binding is desired, i.e., under physiological conditions in the
case of in vivo assays and therapeutic treatments.

“Subject” means a human or non-human animal selected
for treatment or therapy.
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“Targeting” or “targeted” means the process of design and
selection of an antisense compound that will specifically
hybridize to a target nucleic acid and induce a desired effect.

“Target nucleic acid,” “target RNA,” and “target RNA tran-
script” all refer to a nucleic acid capable of being targeted by
antisense compounds.

“Target region” means a portion of a target nucleic acid to
which one or more antisense compounds is targeted.

“Target segment” means the sequence of nucleotides of a
target nucleic acid to which an antisense compound is tar-
geted. “5' target site” refers to the 5'-most nucleotide of a
target segment. “3' target site” refers to the 3'-most nucleotide
of a target segment.

“Therapeutically effective amount” means an amount of a
pharmaceutical agent that provides a therapeutic benefit to an
individual.

“Treat” or “treating” refers to administering a pharmaceu-
tical composition to effect an alteration or improvement of a
disease, disorder, or condition.

“Unmodified” nucleobases mean the purine bases adenine
(A) and guanine (G), and the pyrimidine bases thymine (1),
cytosine (C) and uracil (U).

“Unmodified nucleotide” means a nucleotide composed of
naturally occurring nucleobases, sugar moieties, and inter-
nucleoside linkages. In certain embodiments, an unmodified
nucleotide is an RNA nucleotide (i.e. p-D-ribonucleosides) or
a DNA nucleotide (i.e. B-D-deoxyribonucleoside).

Upstream” refers to the relative direction toward the 5' end
or N-terminal end of a nucleic acid.

Certain Embodiments

Certain embodiments provide methods for decreasing
A1AT mRNA and protein expression.

Certain embodiments provide methods for the treatment,
amelioration, or prevention of diseases, disorders, and con-
ditions associated with A1 AT in an individual in need thereof.
Also contemplated are methods for the preparation of a medi-
cament for the treatment, amelioration, or prevention of a
disease, disorder, or condition associated with A1AT. In cer-
tain embodiments, A1AT associated diseases, disorders, and
conditions include liver disease, such as, A1 ATD associated
liver disease. In certain embodiments, A1 AT associated dis-
eases, disorders, and conditions include pulmonary diseases,
such as, A1ATD associated pulmonary disease, COPD, or
emphysema.

Such diseases, disorders, and conditions may have one or
more risk factors, causes, or outcomes in common. Certain
risk factors and causes for development of diseases, disor-
ders, and conditions associated with A1ATD include genetic
predisposition to alpha-1 antitrypsin deficiency. In certain
embodiments, a defect in an individual’s genetic code for
alpha-1 antitrypsin (A1AT) is responsible for diseases, disor-
ders, and conditions associated with A1ATD, such as, liver
diseases and pulmonary diseases. In certain embodiments,
genetic mutations lead to expression of mutant A1AT. In
certain embodiments, mutant A1 AT forms aggregates which
are retained in the liver, causing liver dysfunction or hepatic
toxicity. Certain outcomes associated with liver disease,
including A1ATD associated liver disease, include abdominal
swelling or pain, bruising easily, dark urine, light colored
stools, itching all over the body, vomiting blood, passing
bloody or black stools, jaundice, lack of normal weight and
height gain in children, liver cirrhosis, and death. In certain
embodiments, mutant A1AT forms aggregates which are
retained in the lung, causing pulmonary dystfunction or pul-
monary disease. Certain outcomes associated with pulmo-
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nary disease, including A1ATD associated pulmonary dis-
ease, include chronic cough, fatigue, respiratory infections,
shortness of breath (dyspnea), wheezing, pulmonary hyper-
tension, heart disease, and death.

Certain embodiments provide for the use of an A1AT spe-
cific inhibitor for treating, ameliorating, preventing, slowing
progression, or stopping progression of an A1AT associated
disease. In certain embodiments, A1 AT specific inhibitors are
nucleic acids (including antisense compounds), peptides,
antibodies, small molecules, and other agents capable of
inhibiting the expression of A1 AT mRNA and/or A1AT pro-
tein.

In certain embodiments, methods of treatment include
administering an A1AT specific inhibitor to an individual in
need thereof. In certain embodiments, A1 AT specific inhibi-
tors are antisense compounds. In certain embodiments, the
antisense compound is a modified oligonucleotide targeting
AlAT.

Certain embodiments provide a method of reducing A1AT
in an animal comprising administering to the animal a modi-
fied oligonucleotide targeting an A1 AT nucleic acid sequence
as shown in SEQ ID NO: 1.

In certain embodiments, the modified oligonucleotide tar-
geting A1AT consists of 12 to 30 linked nucleosides and is at
least 90% complementary to the A1AT nucleic acid.

Certain embodiments provide a method of treating, ame-
liorating and/or preventing an A1ATD associated liver dis-
ease in an animal at risk for the A1ATD associated liver
disease comprising: (a) identifying the animal at risk for
developing the A1ATD associated liver disease; and (b)
administering to the at risk animal a therapeutically effective
amount of a modified oligonucleotide consisting of 12 to 30
linked nucleosides, wherein the modified oligonucleotide is
at least 90% complementary to an A1AT nucleic acid.

Certain embodiments provide a method of treating, ame-
liorating and/or preventing an A1 ATD associated pulmonary
disease in an animal at risk for the A1ATD associated pulmo-
nary disease comprising: (a) identifying the animal at risk for
developing the A1ATD associated pulmonary disease; and (b)
administering to the at risk animal a therapeutically effective
amount of a modified oligonucleotide consisting of 12 to 30
linked nucleosides, wherein the modified oligonucleotide is
at least 90% complementary to an A1AT nucleic acid.

Certain embodiments provide a method of halting progres-
sion of an A1ATD associated liver disease comprising: (a)
identifying an animal with the A1ATD associated liver dis-
ease; and (b) administering to the animal a therapeutically
effective amount of a modified oligonucleotide consisting of
121030 linked nucleosides, wherein the modified oligonucle-
otide is at least 90% complementary to an A1 AT nucleic acid.

Certain embodiments provide a method of lowering the
risk for developing an A1ATD associated liver disease com-
prising: (a) identifying an animal at risk for developing
A1ATD associated liver disease; and (b) administering to the
atrisk animal a therapeutically effective amount of a modified
oligonucleotide consisting of 12 to 30 linked nucleosides,
wherein the modified oligonucleotide is at least 90% comple-
mentary to an A1AT nucleic acid.

Certain embodiments provide a method of reducing fibro-
sis in an animal comprising: (a) identifying the animal at risk
for developing fibrosis; and (b) administering to the at risk
animal a therapeutically effective amount of a modified oli-
gonucleotide consisting of 12 to 30 linked nucleosides,
wherein the modified oligonucleotide is at least 90% comple-
mentary to an A1AT nucleic acid.

Certain embodiments provide a method of preventing
organ damage, decreasing organ damage and/or improving
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organ function in an animal comprising: (a) identifying the
animal at risk for organ damage or decrease organ function;
and (b) administering to the at risk animal a therapeutically
effective amount of a modified oligonucleotide consisting of
121030 linked nucleosides, wherein the modified oligonucle-
otide is at least 90% complementary to an A1AT nucleic acid.

In certain embodiments, accumulation of A1AT aggregates
is forestalled, prevented or delayed in an animal by the meth-
ods provided herein. In certain embodiments, the accumula-
tion of A1AT aggregates is in a lung, liver or other organ or
tissue.

In certain embodiments, the methods provided herein
decreases TIMP1, collagen type 1, collagen type IV, collagen
type III, MMP13, SMA, ALT and/or AST expression.

Embodiments described herein provide theuse of an A1AT
specific inhibitor, as described herein, for use in treating,
ameliorating, preventing, slowing progression, or stopping
progression of a liver disease, such as A1ATD associated liver
disease, as described herein, by combination therapy with an
additional agent or therapy, as described herein. Agents or
therapies can be co-administered or administered concomi-
tantly. In certain embodiments, A1 AT specific inhibitors are
antisense compounds.

Embodiments described herein provide theuse of an A1AT
specific inhibitor, as described herein, for use in treating,
ameliorating, preventing, slowing progression, or stopping
progression of a pulmonary disease, such as A1ATD associ-
ated pulmonary disease, as described herein, by combination
therapy with an additional agent or therapy, as described
herein. Agents or therapies can be co-administered or admin-
istered concomitantly. In certain embodiments, A1AT spe-
cific inhibitors are antisense compounds.

In certain embodiments, A1 AT specific inhibitors are pep-
tides or proteins (Chang, Y. P. et al., Am. J. Respir. Cell Mol.
Biol. 2006. 35: 540-548) or ribozymes (Zern, M. A. et al.,
Gene Ther. 1999. 6: 114-120), and FLEAIG peptide (US
20110280863). In certain embodiments, A1AT specific
inhibitors are antibodies (Miranda, E. et al., Hepatology.
2010. 52: 1078-1088; Piotrowska, U. et al., Thyroid. 2002.
12: 563-570).

In certain embodiments, A1 AT specific inhibitors are small
molecules, such as, but not limited to, rapamycin (Kaushal, S.
et al., Exp. Biol. Med. 2010. 235: 700-709), 4-phenylbutyric
acid, which prevents misfolding of A1AT (Burrows, J. A. et
al., Proc. Natl. Acad. Sci. U.S.A.2000. 97: 1796-1801), nafa-
mostat mesilate (Sundaram, S. et al., Thromb. Haemost.
1996. 75: 76-82), ftrimethylamine N-oxide (US
20110280863), 1-deoxynojirimycin (Tan, A. et al., J. Biol.
Chem. 1991. 266: 14504-14510), and D-galactosamine
(Gross, V. et al., Biochim. Biophys. Acta. 1990. 1036: 143-
150).

In certain embodiments, provided herein are compounds
comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides and comprising a nucleobase sequence
comprising a portion of at least 8, at least 10, at least 12, at
least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 contiguous nucleobases complementary to
an equal length portion of nucleobases 1575 to 1594 of SEQ
ID NO: 1, wherein the nucleobase sequence of the modified
oligonucleotide is at least 90% complementary to SEQ ID
NO: 1.

In certain embodiments, provided herein are compounds
comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides and comprising a nucleobase sequence
comprising a portion of at least 8, at least 10, at least 12, at
least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 contiguous nucleobases complementary to
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an equal length portion of nucleobases 1564 to 1583 of SEQ
ID NO: 1, wherein the nucleobase sequence of the modified
oligonucleotide is at least 90% complementary to SEQ ID
NO: 1.

In certain embodiments, provided herein are compounds
comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides and comprising a nucleobase sequence
comprising a portion of at least 8, at least 10, at least 12, at
least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 contiguous nucleobases complementary to
an equal length portion of nucleobases 1561 to 1597 of SEQ
ID NO: 1, wherein the nucleobase sequence of the modified
oligonucleotide is at least 90% complementary to SEQ ID
NO: 1.

In certain embodiments, provided herein are compounds
comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides and comprising a nucleobase sequence
comprising a portion of at least 8, at least 10, at least 12, at
least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 contiguous nucleobases complementary to
an equal length portion of nucleobases 1349 to 1597 of SEQ
ID NO: 1, wherein the nucleobase sequence of the modified
oligonucleotide is at least 90% complementary to SEQ ID
NO: 1.

In certain embodiments, provided herein are compounds
comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides and comprising a nucleobase sequence
comprising a portion of at least 8, at least 10, at least 12, at
least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 contiguous nucleobases complementary to
an equal length portion of nucleobases 459 to 513 of SEQ ID
NO: 1, wherein the nucleobase sequence of the modified
oligonucleotide is at least 90% complementary to SEQ ID
NO: 1.

In certain embodiments, provided herein are compounds
comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides and having a nucleobase sequence com-
prising at least 8, atleast 10, at least 12, at least 14, at least 16,
at least 17, at least 18, at least 19, or 20 contiguous nucleo-
bases of the nucleobase sequence of SEQ ID NO: 38.

In certain embodiments, provided herein are compounds
comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides and having a nucleobase sequence com-
prising at least 8, atleast 10, at least 12, at least 14, at least 16,
at least 17, at least 18, at least 19, or 20 contiguous nucleo-
bases of the nucleobase sequence of SEQ ID NO: 29.

In certain embodiments, provided herein are compounds
comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides and having a nucleobase sequence com-
prising at least 8, atleast 10, at least 12, at least 14, at least 16,
at least 17, at least 18, at least 19, or 20 contiguous nucleo-
bases of the nucleobase sequences of SEQ ID NO: 20-41.

In certain embodiments, the modified oligonucleotide con-
sists of 15 to 30, 18 to 24, 19 to 22, or 20 linked nucleosides.

In certain embodiments, the nucleobase sequence of the
modified oligonucleotide is at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% complementary to SEQ ID
NO: 1.

In certain embodiments, the modified oligonucleotide con-
sists of a single-stranded modified oligonucleotide.

In certain embodiments, at least one internucleoside link-
age of the modified oligonucleotide is a modified internucleo-
side linkage. In certain embodiments, at least one modified
oligonucleotide is a phosphorothioate internucleoside link-
age. In certain embodiments, each internucleoside linkage is
a phosphorothioate internucleoside linkage.
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In certain embodiments, at least one nucleoside of the
modified oligonucleotide comprises a modified nucleobase.
In certain embodiments, the modified nucleobase is a 5-me-
thylcytosine.

In certain embodiments, the modified oligonucleotide
comprises at least one modified sugar. In certain embodi-
ments, the modified sugar is a 2'-O-methoxyethyl.

In certain embodiments, the modified oligonucleotide
comprises at least one 2'-O-methoxyethyl nucleoside.

In certain embodiments, the modified sugar is a bicyclic
sugar. In certain embodiments, the bicyclic sugar comprises a
4'-CH(CH,)—0O—2' bridge.

In certain embodiments, the modified oligonucleotide
comprises:

a gap segment consisting of linked deoxynucleosides;

a 5' wing segment consisting of linked nucleosides;

a 3' wing segment consisting of linked nucleosides;

wherein the gap segment is positioned between the 5' wing
segment and the 3' wing segment and wherein each nucleo-
side of each wing segment comprises a modified sugar.

In certain embodiments, the modified oligonucleotide
comprises:

a gap segment consisting of ten linked deoxynucleosides;

a 5' wing segment consisting of five linked nucleosides;

a 3' wing segment consisting of five linked nucleosides;

wherein the gap segment is positioned between the 5' wing
segment and the 3' wing segment, wherein each nucleoside of
each wing segment comprises a 2'-O-methoxyehtyl sugar;
wherein each internucleoside linkage is a phosphorothioate
linkage; and wherein each cytosine is a 5'-methylcytosine.

In certain embodiments, the modified oligonucleotide con-
sists of 15 to 24 linked nucleosides and comprises a nucleo-
base sequence comprising a portion of at least 15 contiguous
nucleobases complementary to an equal length portion of
nucleobases 1575 to 1594 of SEQ ID NO: 1, and wherein the
nucleobase sequence of the modified oligonucleotide is 100%
complementary to SEQ ID NO: 1.

In certain embodiments, the modified oligonucleotide con-
sists of 15 to 24 linked nucleosides and comprises a nucleo-
base sequence comprising a portion of at least 15 contiguous
nucleobases complementary to an equal length portion of
nucleobases 1564 to 1583 of SEQ ID NO: 1, and wherein the
nucleobase sequence of the modified oligonucleotide is 100%
complementary to SEQ ID NO: 1.

In certain embodiments, the modified oligonucleotide con-
sists of 15 to 24 linked nucleosides and comprises a nucleo-
base sequence comprising a portion of at least 15 contiguous
nucleobases complementary to an equal length portion of
nucleobases 1561 to 1597 of SEQ ID NO: 1, and wherein the
nucleobase sequence of the modified oligonucleotide is 100%
complementary to SEQ ID NO: 1.

In certain embodiments, the modified oligonucleotide con-
sists of 15 to 24 linked nucleosides and comprises a nucleo-
base sequence comprising a portion of at least 15 contiguous
nucleobases complementary to an equal length portion of
nucleobases 1349 to 1597 of SEQ ID NO: 1, and wherein the
nucleobase sequence of the modified oligonucleotide is 100%
complementary to SEQ ID NO: 1.

In certain embodiments, the modified oligonucleotide con-
sists of 15 to 24 linked nucleosides and comprises a nucleo-
base sequence comprising a portion of at least 15 contiguous
nucleobases complementary to an equal length portion of
nucleobases 459 to 513 of SEQ ID NO: 1, and wherein the
nucleobase sequence of the modified oligonucleotide is 100%
complementary to SEQ ID NO: 1.

In certain embodiments, the modified oligonucleotide con-
sists of 18 to 24 linked nucleosides and comprises a nucleo-
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base sequence comprising a portion of at least 18 contiguous
nucleobases complementary to an equal length portion of
nucleobases 1575 to 1594 of SEQ ID NO: 1, and wherein the
nucleobase sequence of the modified oligonucleotide is 100%
complementary to SEQ ID NO: 1.

In certain embodiments, the modified oligonucleotide con-
sists of 18 to 24 linked nucleosides and comprises a nucleo-
base sequence comprising a portion of at least 18 contiguous
nucleobases complementary to an equal length portion of
nucleobases 1564 to 1583 of SEQ ID NO: 1, and wherein the
nucleobase sequence of the modified oligonucleotide is 100%
complementary to SEQ ID NO: 1.

In certain embodiments, the modified oligonucleotide con-
sists of 18 to 24 linked nucleosides and comprises a nucleo-
base sequence comprising a portion of at least 18 contiguous
nucleobases complementary to an equal length portion of
nucleobases 1561 to 1597 of SEQ ID NO: 1, and wherein the
nucleobase sequence of the modified oligonucleotide is 100%
complementary to SEQ ID NO: 1.

In certain embodiments, the modified oligonucleotide con-
sists of 18 to 24 linked nucleosides and comprises a nucleo-
base sequence comprising a portion of at least 18 contiguous
nucleobases complementary to an equal length portion of
nucleobases 1349 to 1597 of SEQ ID NO: 1, and wherein the
nucleobase sequence of the modified oligonucleotide is 100%
complementary to SEQ ID NO: 1.

In certain embodiments, the modified oligonucleotide con-
sists of 18 to 24 linked nucleosides and comprises a nucleo-
base sequence comprising a portion of at least 18 contiguous
nucleobases complementary to an equal length portion of
nucleobases 459 to 513 of SEQ ID NO: 1, and wherein the
nucleobase sequence of the modified oligonucleotide is 100%
complementary to SEQ ID NO: 1.

In certain embodiments, provided herein are compositions
comprising a compound as described herein or a salt thereof
and a pharmaceutically acceptable carrier or diluent.

In certain embodiments, provided herein are compositions
as described herein for use in therapy.

In certain embodiments, provided herein are compositions
as described herein for use in treating, ameliorating, or pre-
venting an A1AT deficiency (A1ATD).

In certain embodiments, provided herein are compositions
as described herein for use in treating an individual with a
genetic predisposition to an A1ATD.

In certain embodiments, the compounds and compositions
described herein are for use in treating, ameliorating, or pre-
venting A1 ATD associated liver disease.

In certain embodiments, the compounds and compositions
described herein are for preventing or delaying A1AT aggre-
gation in the liver.

In certain embodiments, the compounds and compositions
described herein are for use in treating, ameliorating, or pre-
venting A1 ATD associated liver dysfunction.

In certain embodiments, the compounds and compositions
described herein are for use in treating, ameliorating, or pre-
venting A1 ATD associated hepatic toxicity.

In certain embodiments, the compounds and compositions
described herein are for use in treating, ameliorating, or pre-
venting A1ATD associated pulmonary disease, COPD, and/
or emphysema.

In certain embodiments, the compounds and compositions
described herein are for preventing or delaying A1AT aggre-
gation in the lungs.

In certain embodiments, the compounds and compositions
described herein are for use in treating, ameliorating, or pre-
venting A1 ATD associated pulmonary dysfunction.



US 9,340,784 B2

19

In certain embodiments, the compounds and compositions
described herein are for use in treating, ameliorating, or pre-
venting A1 ATD associated pulmonary toxicity.

In certain embodiments, provided herein are methods com-
prising,

identifying an animal at risk for developing A1ATD asso-
ciated liver disease; and

administering to the at risk animal a therapeutically effec-
tive amount of a modified oligonucleotide consisting of 12 to
30 linked nucleosides, wherein the modified oligonucleotide
is at least 90% complementary to an A1AT nucleic acid.

In certain embodiments, provided herein are methods com-
prising,

identifying an animal at risk for developing A1ATD asso-
ciated pulmonary disease; and

administering to the at risk animal a therapeutically effec-
tive amount of a modified oligonucleotide consisting of 12 to
30 linked nucleosides, wherein the modified oligonucleotide
is at least 90% complementary to an A1AT nucleic acid.

Certain embodiments describe a method of slowing or
halting progression of A1ATD associated liver disease by
administering a compound or composition described herein.
In certain embodiments, provided is a method comprising
administering a modified oligonucleotide consisting of 12 to
30 linked nucleosides, wherein the modified oligonucleotide
is at least 90% complementary to an A1AT nucleic acid, and
wherein the progression of the A1ATD associated liver dis-
ease is slowed or halted. In certain embodiments, provided is
a method comprising identifying an animal having an
AlATD-associated liver disease and administering to the ani-
mal a therapeutically effective amount of a modified oligo-
nucleotide consisting of 12 to 30 linked nucleosides, wherein
the modified oligonucleotide is at least 90% complementary
to an A1AT nucleic acid, and wherein the progression of the
A1ATD associated liver disease is slowed or halted. In certain
embodiments, the nucleobase sequence of the modified oli-
gonucleotide is at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% complementary to an A1AT
nucleic acid.

Certain embodiments describe a method of preventing or
stopping or delaying or forestalling the accumulation or onset
of accumulation of A1AT globules in the liver. In certain
embodiments, the risk of A1ATD-associated liver disease is
lowered or reduced. In certain embodiments, the develop-
ment or onset of A1ATD-associated liver disease is pre-
vented, delayed or forestalled. In certain embodiments, pro-
vided is a method comprising administering a modified
oligonucleotide consisting of 12 to 30 linked nucleosides,
wherein the modified oligonucleotide is at least 90% comple-
mentary to an A1 AT nucleic acid, and wherein accumulation
of A1AT globules in the liver is stopped, delayed or fore-
stalled. In certain embodiments, provided is a method com-
prising administering a modified oligonucleotide consisting
of 12 to 30 linked nucleosides, wherein the modified oligo-
nucleotide is at least 90% complementary to an A1 AT nucleic
acid, and wherein the development or onset of A1ATD-asso-
ciated liver disease is prevented, delayed or forestalled. In
certain embodiments, provided is a method comprising iden-
tifying an animal at risk for developing A1ATD-associated
liver disease and administering to the at risk animal a thera-
peutically effective amount of a modified oligonucleotide
consisting of 12 to 30 linked nucleosides, wherein the modi-
fied oligonucleotide is at least 90% complementary to an
A1AT nucleic acid, and wherein the risk of A1ATD associ-
ated liver disease is lowered or reduced. In certain embodi-
ments, provided is a method comprising identifying an ani-
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mal at risk for developing A1ATD-associated liver disease
and administering to the at risk animal a therapeutically effec-
tive amount of a modified oligonucleotide consisting of 12 to
30 linked nucleosides, wherein the modified oligonucleotide
is at least 90% complementary to an A1AT nucleic acid, and
wherein accumulation of A1AT globules or aggregates in the
liver is stopped, delayed or forestalled thereby reducing or
lowering the risk of A1ATD associated liver disease. In cer-
tain embodiments, the nucleobase sequence of the modified
oligonucleotide is at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% complementary to an A1AT
nucleic acid.

In certain embodiments, the modified oligonucleotide con-
sists of 12 to 30 linked nucleosides and has a nucleobase
sequence comprising at least 12, atleast 14, at least 16, at least
17, at least 18, at least 19, or at least 20 contiguous nucleo-
bases of the nucleobase sequences of SEQ ID NO: 20-41.

In certain embodiments, expression of A1AT mRNA is
reduced.

In certain embodiments, expression of A1AT protein is
reduced.

In certain embodiments, A1 ATD associated liver disease is
treated, ameliorated, or prevented.

In certain embodiments, A1AT aggregation in the liver is
prevented or delayed.

In certain embodiments, A1ATD associated pulmonary
disease is treated, ameliorated, or prevented.

In certain embodiments, A1 AT aggregation in the lung is
prevented or delayed.

Antisense Compounds

Oligomeric compounds include, but are not limited to,
oligonucleotides, oligonucleosides, oligonucleotide analogs,
oligonucleotide mimetics, antisense compounds, antisense
oligonucleotides, and siRNAs. An oligomeric compound
may be “antisense” to a target nucleic acid, meaning that it is
capable of undergoing hybridization to a target nucleic acid
through hydrogen bonding.

In certain embodiments, an antisense compound has a
nucleobase sequence that, when written in the 5' to 3' direc-
tion, comprises the reverse complement of the target segment
of'a target nucleic acid to which it is targeted. In certain such
embodiments, an antisense oligonucleotide has a nucleobase
sequence that, when written in the 5' to 3' direction, comprises
the reverse complement of the target segment of a target
nucleic acid to which it is targeted.

In certain embodiments, an antisense compound targeted
to an A1AT nucleic acid is 12 to 30 subunits in length. In other
words, such antisense compounds are from 12 to 30 linked
subunits. In other embodiments, the antisense compound is 8
to 80, 12 to 50, 15 to 30, 18 to 24, 19 to 22, or 20 linked
subunits.

In certain such embodiments, the antisense compounds are
8,9,10,11,12,13,14,15,16,17, 18,19, 20, 21, 22, 23, 24,
25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40, 41,
42,43,44,45,46,47,48,49, 50, 51,52, 53,54, 55,56, 57, 58,
59, 60,61, 62,63, 64, 65,66, 67, 68,69,70,71,72,73,74,75,
76, 77, 78, 79, or 80 linked subunits in length, or a range
defined by any two of the above values. In some embodiments
the antisense compound is an antisense oligonucleotide, and
the linked subunits are nucleosides.

In certain embodiments antisense oligonucleotides tar-
geted to an A1AT nucleic acid may be shortened or truncated.
For example, a single subunit may be deleted from the 5' end
(5" truncation), or alternatively from the 3' end (3' truncation).
A shortened or truncated antisense compound targeted to a
A1AT nucleic acid may have two subunits deleted from the 5'



US 9,340,784 B2

21

end, or alternatively may have two subunits deleted from the
3' end, of the antisense compound. Alternatively, the deleted
nucleosides may be dispersed throughout the antisense com-
pound, for example, in an antisense compound having one
nucleoside deleted from the 5' end and one nucleoside deleted
from the 3' end.

When a single additional subunit is present in a lengthened
antisense compound, the additional subunit may be located at
the 5' or 3' end of the antisense compound. When two or more
additional subunits are present, the added subunits may be
adjacent to each other, for example, in an antisense compound
having two subunits added to the 5' end (§' addition), or
alternatively to the 3' end (3' addition), of the antisense com-
pound. Alternatively, the added subunits may be dispersed
throughout the antisense compound, for example, in an anti-
sense compound having one subunit added to the 5' end and
one subunit added to the 3' end.

It is possible to increase or decrease the length of an anti-
sense compound, such as an antisense oligonucleotide, and/or
introduce mismatch bases without eliminating activity. For
example, in Woolfet al. (Proc. Natl. Acad. Sci. USA 89:7305-
7309, 1992), a series of antisense oligonucleotides 13-25
nucleobases in length were tested for their ability to induce
cleavage of a target RNA in an oocyte injection model.

Antisense oligonucleotides 25 nucleobases in length with 8
or 11 mismatch bases near the ends of the antisense oligo-
nucleotides were able to direct specific cleavage of the target
mRNA, albeit to a lesser extent than the antisense oligonucle-
otides that contained no mismatches. Similarly, target spe-
cific cleavage was achieved using 13 nucleobase antisense
oligonucleotides, including those with 1 or 3 mismatches.

Gautschi et al (J. Natl. Cancer Inst. 93:463-471, March
2001) demonstrated the ability of an oligonucleotide having
100% complementarity to the bcl-2 mRNA and having 3
mismatches to the bcl-xL. mRNA to reduce the expression of
both bel-2 and bel-xL in vitro and in vivo. Furthermore, this
oligonucleotide demonstrated potent anti-tumor activity in
vivo.

Maher and Dolnick (Nuc. Acid. Res. 16:3341-3358,1988)
tested a series of tandem 14 nucleobase antisense oligonucle-
otides, and a 28 and 42 nucleobase antisense oligonucleotides
comprised of the sequence of two or three of the tandem
antisense oligonucleotides, respectively, for their ability to
arrest translation of human DHFR in a rabbit reticulocyte
assay. Each of the three 14 nucleobase antisense oligonucle-
otides alone was able to inhibit translation, albeit at a more
modest level than the 28 or 42 nucleobase antisense oligo-
nucleotides.

Certain Antisense Compound Motifs and Mechanisms

In certain embodiments, antisense compounds have chemi-
cally modified subunits arranged in patterns, or motifs, to
confer to the antisense compounds properties such as
enhanced inhibitory activity, increased binding affinity for a
target nucleic acid, or resistance to degradation by in vivo
nucleases. Chimeric antisense compounds typically contain
at least one region modified so as to confer increased resis-
tance to nuclease degradation, increased cellular uptake,
increased binding affinity for the target nucleic acid, and/or
increased inhibitory activity. A second region of a chimeric
antisense compound may confer another desired property
e.g., serve as a substrate for the cellular endonuclease RNase
H, which cleaves the RNA strand of an RNA:DNA duplex.

Antisense activity may result from any mechanism involv-
ing the hybridization of the antisense compound (e.g., oligo-
nucleotide) with a target nucleic acid, wherein the hybridiza-
tion ultimately results in a biological effect. In certain
embodiments, the amount and/or activity of the target nucleic
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acid is modulated. In certain embodiments, the amount and/or
activity of the target nucleic acid is reduced. In certain
embodiments, hybridization of the antisense compound to the
target nucleic acid ultimately results in target nucleic acid
degradation. In certain embodiments, hybridization of the
antisense compound to the target nucleic acid does not result
in target nucleic acid degradation. In certain such embodi-
ments, the presence of the antisense compound hybridized
with the target nucleic acid (occupancy) results in a modula-
tion of antisense activity. In certain embodiments, antisense
compounds having a particular chemical motif or pattern of
chemical modifications are particularly suited to exploit one
or more mechanisms. In certain embodiments, antisense
compounds function through more than one mechanism and/
or through mechanisms that have not been elucidated.
Accordingly, the antisense compounds described herein are
not limited by particular mechanism.

Antisense mechanisms include, without limitation, RNase
H mediated antisense; RNAi mechanisms, which utilize the
RISC pathway and include, without limitation, siRNA,
ssRNA and microRNA mechanisms; and occupancy based
mechanisms. Certain antisense compounds may act through
more than one such mechanism and/or through additional
mechanisms.

RNase H-Mediated Antisense

In certain embodiments, antisense activity results at least in
part from degradation of target RNA by RNase H. RNase H is
a cellular endonuclease that cleaves the RNA strand of an
RNA:DNA duplex. It is known in the art that single-stranded
antisense compounds which are “DNA-like” elicit RNase H
activity in mammalian cells. Accordingly, antisense com-
pounds comprising at least a portion of DNA or DNA-like
nucleosides may activate RNase H, resulting in cleavage of
the target nucleic acid. In certain embodiments, antisense
compounds that utilize RNase H comprise one or more modi-
fied nucleosides. In certain embodiments, such antisense
compounds comprise at least one block of 1-8 modified
nucleosides. In certain such embodiments, the modified
nucleosides do not support RNase H activity. In certain
embodiments, such antisense compounds are gapmers, as
described herein. In certain such embodiments, the gap of the
gapmer comprises DNA nucleosides. In certain such embodi-
ments, the gap of the gapmer comprises DNA-like nucleo-
sides. In certain such embodiments, the gap of the gapmer
comprises DNA nucleosides and DNA-like nucleosides.

Certain antisense compounds having a gapmer motif are
considered chimeric antisense compounds. In a gapmer an
internal region having a plurality of nucleotides that supports
RNaseH cleavage is positioned between external regions hav-
ing a plurality of nucleotides that are chemically distinct from
the nucleosides of the internal region. In the case of an anti-
sense oligonucleotide having a gapmer motif, the gap seg-
ment generally serves as the substrate for endonuclease cleav-
age, while the wing segments comprise modified nucleosides.
In certain embodiments, the regions of a gapmer are differ-
entiated by the types of sugar moieties comprising each dis-
tinct region. The types of sugar moieties that are used to
differentiate the regions of a gapmer may in some embodi-
ments include p-D-ribonucleosides, -D-deoxyribonucleo-
sides, 2'-modified nucleosides (such 2'-modified nucleosides
may include 2'-MOE and 2'-O—CHj,, among others), and
bicyclic sugar modified nucleosides (such bicyclic sugar
modified nucleosides may include those having a constrained
ethyl). In certain embodiments, nucleosides in the wings may
include several modified sugar moieties, including, for
example 2'-MOE and bicyclic sugar moieties such as con-
strained ethyl or LNA. In certain embodiments, wings may



US 9,340,784 B2

23

include several modified and unmodified sugar moieties. In
certain embodiments, wings may include various combina-
tions of 2'-MOE nucleosides, bicyclic sugar moieties such as
constrained ethyl nucleosides or LNA nucleosides, and
2'-deoxynucleosides.

Each distinct region may comprise uniform sugar moieties,
variant, or alternating sugar moieties. The wing-gap-wing
motif is frequently described as “X-Y-Z”, where “X” repre-
sents the length of the 5'-wing, “Y” represents the length of
the gap, and “Z” represents the length of the 3'-wing. “X” and
“Z” may comprise uniform, variant, or alternating sugar moi-
eties. In certain embodiments, “X” and “Y”” may include one
or more 2'-deoxynucleosides. “Y” may comprise 2'-deoxy-
nucleosides. As used herein, a gapmer described as “X-Y-7”
has a configuration such that the gap is positioned immedi-
ately adjacent to each of the 5'-wing and the 3' wing. Thus, no
intervening nucleotides exist between the 5'-wing and gap, or
the gap and the 3'-wing. Any of the antisense compounds
described herein can have a gapmer motif. In certain embodi-
ments, “X” and “Z” are the same; in other embodiments they
are different. In certain embodiments, “Y” is between 8 and
15 nucleosides. X, Y, or Z canbe any of 1,2,3,4,5,6,7,8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30 or more
nucleosides.

In certain embodiments, the antisense compound has a
gapmer motifin which the gap consists 0f6,7,8,9,10,11, 12,
13, 14, 15, or 16 linked nucleosides.

In certain embodiments, the antisense oligonucleotide has
a sugar motif described by Formula A as follows: (J),,-(B),-
(D), (B),-(A)-(D)y-(A),-(B),-(1),-(B), 1),

wherein:

each A is independently a 2'-substituted nucleoside;

each B is independently a bicyclic nucleoside;

each J is independently either a 2'-substituted nucleoside or
a 2'-deoxynucleoside;

each D is a 2'-deoxynucleoside;

mis 0-4;nis 0-2; p is 0-2; ris 0-2; tis 0-2; vis 0-2; w is 0-4;
x is 0-2; y is 0-2; z is 0-4; g is 6-14; provided that:

at least one of m, n, and r is other than 0,

at least one of w and y is other than 0;

the sum of m, n, p, r, and t is from 2 to 5; and

the sum of v, w, X, y, and z is from 2 to 5.

RNAi Compounds

In certain embodiments, antisense compounds are interfer-
ing RNA compounds (RNA1), which include double-stranded
RNA compounds (also referred to as short-interfering RNA
or siRNA) and single-stranded RNAi compounds (or
ssRNA). Such compounds work at least in part through the
RISC pathway to degrade and/or sequester a target nucleic
acid (thus, include microRNA/microRNA-mimic com-
pounds). In certain embodiments, antisense compounds com-
prise modifications that make them particularly suited for
such mechanisms.

i. ssSRNA Compounds

In certain embodiments, antisense compounds including
those particularly suited for use as single-stranded RNAi
compounds (ssRNA) comprise a modified 5'-terminal end. In
certain such embodiments, the 5'-terminal end comprises a
modified phosphate moiety. In certain embodiments, such
modified phosphate is stabilized (e.g., resistant to degrada-
tion/cleavage compared to unmodified 5'-phosphate). In cer-
tain embodiments, such 5'-terminal nucleosides stabilize the
5'-phosphorous moiety. Certain modified 5'-terminal nucleo-
sides may be found in the art, for example in WO/2011/
139702.

In certain embodiments, the 5'-nucleoside of an ssRNA
compound has Formula Ilc:
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IIe

wherein:

T, is an optionally protected phosphorus moiety;

T, is an internucleoside linking group linking the com-
pound of Formula Ilc to the oligomeric compound;

A has one of the formulas:

Q

> >

QB QU Q@

§ % or

Q, and Q, are each, independently, H, halogen, C,-Cq
alkyl, substituted C,-C; alkyl, C,-C, alkoxy, substituted
C,-Cy alkoxy, C,-C¢ alkenyl, substituted C,-C, alkenyl,
C,-Cq alkynyl, substituted C,-C alkynyl or N(R;)(R,);

Qs is O, S, N(R) or C(Re)(R;);

eachR;,R, R, Rgand R, is,independently, H, C,-C, alkyl,
substituted C,-C, alkyl or C,-C, alkoxy;

M3 iS OS SS NR145 C(RIS)(R16)S C(RIS)(R16)C(R17)(R18)S
CR;5)—C(Ry7), OCR,5)(R,6) or OCR,5)(BX,);

R,, is H, C,-C, alkyl, substituted C,-C, alkyl, C,-Cq
alkoxy, substituted C,-Cq alkoxy, C,-Cg alkenyl, substituted
C,-C; alkenyl, C,-Cg alkynyl or substituted C,-Cg alkynyl;

R,s, Ry, R;;and R, ¢ are each, independently, H, halogen,
C,-C; alkyl, substituted C,-C, alkyl, C,-C, alkoxy, substi-
tuted C,-C, alkoxy, C,-Cg4 alkenyl, substituted C,-C, alkenyl,
C,-Cg alkynyl or substituted C,-C, alkynyl;

Bx, is a heterocyclic base moiety;

or if Bx, is present then Bx, is a heterocyclic base moiety
and Bx, is H, halogen, C,-C; alkyl, substituted C,-C, alkyl,
C,-C; alkoxy, substituted C,-C, alkoxy, C,-C; alkenyl, sub-
stituted C,-C alkenyl, C,-C alkynyl or substituted C,-C
alkynyl;

1,, 15, Jsand I, are each, independently, H, halogen, C,-C
alkyl, substituted C,-C; alkyl, C,-C, alkoxy, substituted
C,-Cy alkoxy, C,-C¢ alkenyl, substituted C,-C, alkenyl,
C,-Cg alkynyl or substituted C,-C, alkynyl;

or J, forms a bridge with one of J or J, wherein said bridge
comprises from 1 to 3 linked biradical groups selected from
0, 8, NRjo, CRz0)Rz)), CRy)—C(R;1), C[—C(Ry)
(R, )] and C(=O) and the other two of I, I, and J, are each,
independently, H, halogen, C,-Cy4 alkyl, substituted C,-Cgq
alkyl, C,-Cg4alkoxy, substituted C,-C alkoxy, C,-C, alkenyl,
substituted C,-Cg4 alkenyl, C,-Cg alkynyl or substituted C,-Cg
alkynyl;
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each R, R,, and R, is, independently, H, C,-C, alkyl,
substituted C,-C; alkyl, C,-C, alkoxy, substituted C,-Cg
alkoxy, C,-Cg alkenyl, substituted C,-C, alkenyl, C,-C alky-
nyl or substituted C,-C alkynyl;

G is H, OH, halogen or O—[C(R{)(R,)],—[(C—=0),—
Xl]jiz;

each R and R, is, independently, H, halogen, C,-C, alkyl
or substituted C,-C alkyl;

X,1s O, Sor N(E,);

Z is H, halogen, C,-C alkyl, substituted C,-C4 alkyl,
C,-Cgalkenyl, substituted C,-C alkenyl, C,-C, alkynyl, sub-
stituted C,-Cg4 alkynyl or N(E,)(E;);

E,. E, and E; are each, independently, H, C,-C alkyl or
substituted C,-Cq alkyl;

n is from 1 to about 6;

misOorl;

jisOor1;

each substituted group comprises one or more optionally
protected substituent groups independently selected from
halogen, OJ,, N(J,){J,), =NJ,, SJ,, N;, CN, OC(—X)J,,
OC(—X,)N(J,)(J>) and C(—X,)N{,){(J»);

X,1s O, S or NJ3;

each J,, J, and J; is, independently, H or C,-C; alkyl;

when j is 1 then Z is other than halogen or N(E,)(E;); and

wherein said oligomeric compound comprises from 8 to 40
monomeric subunits and is hybridizable to at least a portion of
a target nucleic acid.

In certain embodiments, M; is O, CH—CH, OCH, or
OC(H)(Bx,). In certain embodiments, M; is O.

In certain embodiments, I,, J5, Js and J, are each H. In
certain embodiments, J, forms a bridge with one of J5 or I...

In certain embodiments, A has one of the formulas:

Qi Q>

Q

wherein:

Q, and Q, are each, independently, H, halogen, C,-Cq
alkyl, substituted C,-C4 alkyl, C,-C, alkoxy or substituted
C,-C, alkoxy. In certain embodiments, Q, and QQ, are each H.
In certain embodiments, Q, and Q, are each, independently,
H orhalogen. In certain embodiments, Q, and Q, is H and the
other of Q, and Q, is F, CH; or OCHj3.

In certain embodiments, T, has the formula:

Rll

Ry=—P

wherein:

R, and R, are each, independently, protected hydroxyl,
protected thiol, C,-C4 alkyl, substituted C,-Cq alkyl, C,-Cq
alkoxy, substituted C,-C alkoxy, protected amino or substi-
tuted amino; and

R, isOor S.In certain embodiments, R, is Oand R, and R
are each, independently, OCH,, OCH,CH, or CH(CH,),.

In certain embodiments, G is halogen, OCH;, OCH,F,
OCHF,, OCF,;, OCH,CH,, O(CH,),F, OCH,CHF,,
OCH,CF;, OCH,—CH—CH,, O(CH,),—OCH;,
O(CH,),—SCH,, O(CH,),—OCF;, O(CH,);, —N(R,,)
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(Ry,), O(CH,),—ONR,()(R,,), O(CH,),—O(CH,),—N
Ry0)R, ), OCH,C(=0)—N(R 5)(R,,), OCH,C(=0)—N
(Rlz)f(CHz)sz(Rlo)(Rll). or O(CH,),—NR,)—C
(=NR)INR,; )[R, )] wherein R,,, R,,, R;, and R, are
each, independently, H or C,-C; alkyl. In certain embodi-
ments, G is halogen, OCH;, OCF;, OCH,CH,, OCH,CF;,
OCH,—CH—CH,, O(CH,),—OCH,, O(CH,),—0O
(CH,),—N(CH;),, OCH,C(—0O)—N(H)CH,;, OCH,C
(—=0)—NH)—(CH,),—N(CH;), or OCH,—N(H)—C
(=NH)NH,. In certain embodiments, G is F, OCH; or
O(CH,),—OCH;. In certain embodiments, G is O(CH,),—

H,.

In certain embodiments, the 5'-terminal nucleoside has
Formula Ile:

Ile
0,
\\p /OH

HO/

T

In certain embodiments, antisense compounds, including
those particularly suitable for ssRNA comprise one or more
type of modified sugar moieties and/or naturally occurring
sugar moieties arranged along an oligonucleotide or region
thereof in a defined pattern or sugar modification motif. Such
motifs may include any of the sugar modifications discussed
herein and/or other known sugar modifications.

In certain embodiments, the oligonucleotides comprise or
consist of a region having uniform sugar modifications. In
certain such embodiments, each nucleoside of the region
comprises the same RNA-like sugar modification. In certain
embodiments, each nucleoside of the region is a 2'-F nucleo-
side. In certain embodiments, each nucleoside of the region is
a 2'-OMe nucleoside. In certain embodiments, each nucleo-
side of the region is a 2'-MOE nucleoside. In certain embodi-
ments, each nucleoside of the region is a cEt nucleoside. In
certain embodiments, each nucleoside of the region is an
LNA nucleoside. In certain embodiments, the uniform region
constitutes all or essentially all of the oligonucleotide. In
certain embodiments, the region constitutes the entire oligo-
nucleotide except for 1-4 terminal nucleosides.

In certain embodiments, oligonucleotides comprise one or
more regions of alternating sugar modifications, wherein the
nucleosides alternate between nucleotides having a sugar
modification of a first type and nucleotides having a sugar
modification of a second type. In certain embodiments,
nucleosides of both types are RNA-like nucleosides. In cer-
tain embodiments the alternating nucleosides are selected
from: 2'-OMe, 2'-F, 2'-MOE, LNA, and cEt. In certain
embodiments, the alternating modifications are 2'-F and
2'-OMe. Such regions may be contiguous or may be inter-
rupted by differently modified nucleosides or conjugated
nucleosides.

In certain embodiments, the alternating region of alternat-
ing modifications each consist of a single nucleoside (i.e., the
pattern is (AB) A wherein A is a nucleoside having a sugar
modification of a first type and B is a nucleoside having a
sugar modification of a second type; x is 1-20 and y is O or 1).
In certain embodiments, one or more alternating regions in an
alternating motif includes more than a single nucleoside of a
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type. For example, oligonucleotides may include one or more
regions of any of the following nucleoside motifs:

ARBBAA;
ABBABB;
ARBAAB;
ABBABAABE;
ABABAA;
ARBABAB;
ABABAA;
ABBAABBABABAA;

BABBAABBABABAA;
or

ABABBAABBABABAA:

wherein A is a nucleoside of a first type and B is a nucleo-
side of a second type. In certain embodiments, A and B are
each selected from 2'-F, 2'-OMe, BNA, and MOE.

In certain embodiments, oligonucleotides having such an
alternating motifalso comprise a modified 5' terminal nucleo-
side, such as those of formula Ilc or Ile.

In certain embodiments, oligonucleotides comprise a
region having a 2-2-3 motif. Such regions comprises the
following motif:

(A)o-(B)e-(A)(C)y(A)s-

wherein:

A is a first type of modified nucleoside;

B and C, are nucleosides that are differently modified than
A, however, B and C may have the same or different modifi-
cations as one another;

x and y are from 1 to 15.

In certain embodiments, A is a 2'-OMe modified nucleo-
side. In certain embodiments, B and C are both 2'-F modified
nucleosides. In certain embodiments, A is a 2'-OMe modified
nucleoside and B and C are both 2'-F modified nucleosides.

In certain embodiments, oligonucleosides have the follow-
ing sugar motif:

5-(Q-(AB),A,-(D),
wherein:

Q is a nucleoside comprising a stabilized phosphate moi-
ety. In certain embodiments, Q is a nucleoside having For-
mula Ilc or Ile;

A is a first type of modified nucleoside;

B is a second type of modified nucleoside;

D is a modified nucleoside comprising a modification dif-
ferent from the nucleoside adjacent to it.

Thus, if'y is O, then D must be differently modified than B
and if'y is 1, then D must be differently modified than A. In
certain embodiments, D differs from both A and B.

Xis 5-15;

YisOorl;

7 is 0-4.

In certain embodiments, oligonucleosides have the follow-
ing sugar motif:

5-(Q-(A)-(D),
wherein:
Q is a nucleoside comprising a stabilized phosphate moi-

ety. In certain embodiments, Q is a nucleoside having For-
mula Ilc or Ile;
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A is a first type of modified nucleoside;

D is a modified nucleoside comprising a modification dif-
ferent from A.

Xis 11-30;

7 is 0-4.

In certain embodiments A, B, C, and D in the above motifs
are selected from: 2'-OMe, 2'-F, 2'-MOE, LNA, and cEt. In
certain embodiments, D represents terminal nucleosides. In
certain embodiments, such terminal nucleosides are not
designed to hybridize to the target nucleic acid (though one or
more might hybridize by chance). In certain embodiments,
the nucleobase of each D nucleoside is adenine, regardless of
the identity of the nucleobase at the corresponding position of
the target nucleic acid. In certain embodiments the nucleo-
base of each D nucleoside is thymine.

In certain embodiments, antisense compounds, including
those particularly suited for use as ssSRNA comprise modified
internucleoside linkages arranged along the oligonucleotide
or region thereof in a defined pattern or modified internucleo-
side linkage motif. In certain embodiments, oligonucleotides
comprise a region having an alternating internucleoside link-
age motif. In certain embodiments, oligonucleotides com-
prise a region of uniformly modified internucleoside link-
ages. In certain such embodiments, the oligonucleotide
comprises a region that is uniformly linked by phospho-
rothioate internucleoside linkages. In certain embodiments,
the oligonucleotide is uniformly linked by phosphorothioate
internucleoside linkages.

In certain embodiments, each internucleoside linkage of
the oligonucleotide is selected from phosphodiester and
phosphorothioate. In certain embodiments, each internucleo-
side linkage of the oligonucleotide is selected from phos-
phodiester and phosphorothioate and at least one internucleo-
side linkage is phosphorothioate.

In certain embodiments, the oligonucleotide comprises at
least 6 phosphorothioate internucleoside linkages. In certain
embodiments, the oligonucleotide comprises at least 8 phos-
phorothioate internucleoside linkages. In certain embodi-
ments, the oligonucleotide comprises at least 10 phospho-
rothioate internucleoside linkages. In certain embodiments,
the oligonucleotide comprises at least one block of at least 6
consecutive phosphorothioate internucleoside linkages. In
certain embodiments, the oligonucleotide comprises at least
one block of at least 8 consecutive phosphorothioate inter-
nucleoside linkages. In certain embodiments, the oligonucle-
otide comprises at least one block of at least 10 consecutive
phosphorothioate internucleoside linkages. In certain
embodiments, the oligonucleotide comprises at least one
block of at least one 12 consecutive phosphorothioate inter-
nucleoside linkages. In certain such embodiments, at least
one such block is located at the 3' end of the oligonucleotide.
In certain such embodiments, at least one such block is
located within 3 nucleosides of the 3' end of the oligonucle-
otide.

Oligonucleotides having any of the various sugar motifs
described herein, may have any linkage motif. For example,
the oligonucleotides, including but not limited to those
described above, may have a linkage motif selected from
non-limiting the table below:

5'most linkage Central region 3'-region
PS Alternating PO/PS 6 PS
PS Alternating PO/PS 7PS
PS Alternating PO/PS 8PS
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ii. siRNA Compounds

In certain embodiments, antisense compounds are double-
stranded RNAi compounds (siRNA). In such embodiments,
one or both strands may comprise any modification motif
described above for ssSRNA. In certain embodiments, ssSRNA
compounds may be unmodified RNA. In certain embodi-
ments, siRNA compounds may comprise unmodified RNA
nucleosides, but modified internucleoside linkages.

Several embodiments relate to double-stranded composi-
tions wherein each strand comprises a motif defined by the
location of one or more modified or unmodified nucleosides.
In certain embodiments, compositions are provided compris-
ing a first and a second oligomeric compound that are fully or
at least partially hybridized to form a duplex region and
further comprising a region that is complementary to and
hybridizes to a nucleic acid target. It is suitable that such a
composition comprise a first oligomeric compound that is an
antisense strand having full or partial complementarity to a
nucleic acid target and a second oligomeric compound that is
asense strand having one or more regions of complementarity
to and forming at least one duplex region with the first oligo-
meric compound.

The compositions of several embodiments modulate gene
expression by hybridizing to a nucleic acid target resulting in
loss of its normal function. In certain embodiment, the deg-
radation of the targeted nucleic acid is facilitated by an acti-
vated RISC complex that is formed with compositions of the
invention.

Several embodiments are directed to double-stranded com-
positions wherein one of the strands is useful in, for example,
influencing the preferential loading of the opposite strand into
the RISC (or cleavage) complex. The compositions are useful
for targeting selected nucleic acid molecules and modulating
the expression of one or more genes. In some embodiments,
the compositions of the present invention hybridize to a por-
tion of atarget RNA resulting in loss of normal function of the
target RNA.

Certain embodiments are drawn to double-stranded com-
positions wherein both the strands comprises a hemimer
motif, a fully modified motif, a positionally modified motif or
an alternating motif. Each strand of the compositions of the
present invention can be modified to fulfil a particular role in
for example the siRNA pathway. Using a different motif in
each strand or the same motif with different chemical modi-
fications in each strand permits targeting the antisense strand
for the RISC complex while inhibiting the incorporation of
the sense strand. Within this model, each strand can be inde-
pendently modified such that it is enhanced for its particular
role. The antisense strand can be modified at the 5'-end to
enhance its role in one region of the RISC while the 3'-end can
be modified differentially to enhance its role in a different
region of the RISC.

The double-stranded oligonucleotide molecules can be a
double-stranded polynucleotide molecule comprising self-
complementary sense and antisense regions, wherein the anti-
sense region comprises nucleotide sequence that is comple-
mentary to nucleotide sequence in a target nucleic acid
molecule or a portion thereof and the sense region having
nucleotide sequence corresponding to the target nucleic acid
sequence or a portion thereof. The double-stranded oligo-
nucleotide molecules can be assembled from two separate
oligonucleotides, where one strand is the sense strand and the
other is the antisense strand, wherein the antisense and sense
strands are self-complementary (i.e. each strand comprises
nucleotide sequence that is complementary to nucleotide
sequence in the other strand; such as where the antisense
strand and sense strand form a duplex or double-stranded
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structure, for example wherein the double-stranded region is
about 15 to about 30, e.g., about 15, 16,17, 18, 19, 20,21, 22,
23,24,25,26,27,28,29 or 30 base pairs; the antisense strand
comprises nucleotide sequence that is complementary to
nucleotide sequence in a target nucleic acid molecule or a
portion thereof and the sense strand comprises nucleotide
sequence corresponding to the target nucleic acid sequence or
a portion thereof (e.g., about 15 to about 25 or more nucle-
otides of the double-stranded oligonucleotide molecule are
complementary to the target nucleic acid or a portion thereof).
Alternatively, the double-stranded oligonucleotide is
assembled from a single oligonucleotide, where the self-
complementary sense and antisense regions of the siRNA are
linked by means of a nucleic acid based or non-nucleic acid-
based linker(s).

The double-stranded oligonucleotide can be a polynucle-
otide with a duplex, asymmetric duplex, hairpin or asymmet-
ric hairpin secondary structure, having self-complementary
sense and antisense regions, wherein the antisense region
comprises nucleotide sequence that is complementary to
nucleotide sequence in a separate target nucleic acid molecule
or a portion thereof and the sense region having nucleotide
sequence corresponding to the target nucleic acid sequence or
aportionthereof. The double-stranded oligonucleotide can be
a circular single-stranded polynucleotide having two or more
loop structures and a stem comprising self-complementary
sense and antisense regions, wherein the antisense region
comprises nucleotide sequence that is complementary to
nucleotide sequence in a target nucleic acid molecule or a
portion thereof and the sense region having nucleotide
sequence corresponding to the target nucleic acid sequence or
a portion thereof, and wherein the circular polynucleotide can
be processed either in vivo or in vitro to generate an active
siRNA molecule capable of mediating RNAIi.

In certain embodiments, the double-stranded oligonucle-
otide comprises separate sense and antisense sequences or
regions, wherein the sense and antisense regions are
covalently linked by nucleotide or non-nucleotide linkers
molecules as is known in the art, or are alternately non-
covalently linked by ionic interactions, hydrogen bonding,
van der waals interactions, hydrophobic interactions, and/or
stacking interactions. In certain embodiments, the double-
stranded oligonucleotide comprises nucleotide sequence that
is complementary to nucleotide sequence of a target gene. In
another embodiment, the double-stranded oligonucleotide
interacts with nucleotide sequence of a target gene in a man-
ner that causes inhibition of expression of the target gene.

As used herein, double-stranded oligonucleotides need not
be limited to those molecules containing only RNA, but fur-
ther encompasses chemically modified nucleotides and non-
nucleotides. In certain embodiments, the short interfering
nucleic acid molecules lack 2'-hydroxy (2'-OH) containing
nucleotides. In certain embodiments short interfering nucleic
acids optionally do not include any ribonucleotides (e.g.,
nucleotides having a 2'-OH group). Such double-stranded
oligonucleotides that do not require the presence of ribo-
nucleotides within the molecule to support RNAi can how-
ever have an attached linker or linkers or other attached or
associated groups, moieties, or chains containing one or more
nucleotides with 2'-OH groups. Optionally, double-stranded
oligonucleotides can comprise ribonucleotides at about 5, 10,
20, 30, 40, or 50% of the nucleotide positions. As used herein,
the term siRNA is meant to be equivalent to other terms used
to describe nucleic acid molecules that are capable of medi-
ating sequence specific RNAI, for example short interfering
RNA (siRNA), double-stranded RNA (dsRNA), micro-RNA
(miRNA), short hairpin RNA (shRNA), short interfering oli-
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gonucleotide, short interfering nucleic acid, short interfering
modified oligonucleotide, chemically modified siRNA, post-
transcriptional gene silencing RNA (ptgsRNA), and others.
In addition, as used herein, the term RNAI is meant to be
equivalent to other terms used to describe sequence specific
RNA interference, such as post transcriptional gene silenc-
ing, translational inhibition, or epigenetics. For example,
double-stranded oligonucleotides can be used to epigeneti-
cally silence genes at both the post-transcriptional level and
the pre-transcriptional level. In a non-limiting example, epi-
genetic regulation of gene expression by siRNA molecules of
the invention can result from siRNA mediated modification of
chromatin structure or methylation pattern to alter gene
expression (see, for example, Verdel et al., 2004, Science,
303, 672-676; Pal-Bhadra et al., 2004, Science, 303, 669-672;
Allshire, 2002, Science, 297, 1818-1819; Volpe et al., 2002,
Science, 297, 1833-1837; Jenuwein, 2002, Science, 297,
2215-2218; and Hall et al., 2002, Science, 297, 2232-2237).

It is contemplated that compounds and compositions of
several embodiments provided herein can target by a dsSRNA-
mediated gene silencing or RNAi mechanism, including, e.g.,
“hairpin” or stem-loop double-stranded RNA effector mol-
ecules in which a single RNA strand with self-complemen-
tary sequences is capable of assuming a double-stranded con-
formation, or duplex dsRNA effector molecules comprising
two separate strands of RNA. In various embodiments, the
dsRNA consists entirely of ribonucleotides or consists of a
mixture of ribonucleotides and deoxynucleotides, such as the
RNA/DNA hybrids disclosed, for example, by WO 00/63364,
filed Apr. 19, 2000, or U.S. Ser. No. 60/130,377, filed Apr. 21,
1999. The dsRNA or dsRNA effector molecule may be a
single molecule with a region of self-complementarity such
that nucleotides in one segment of the molecule base pair with
nucleotides in another segment of the molecule. In various
embodiments, a dsRNA that consists of a single molecule
consists entirely of ribonucleotides or includes a region of
ribonucleotides that is complementary to a region of deoxyri-
bonucleotides. Alternatively, the dsRNA may include two
different strands that have a region of complementarity to
each other.

In various embodiments, both strands consist entirely of
ribonucleotides, one strand consists entirely of ribonucle-
otides and one strand consists entirely of deoxyribonucle-
otides, or one or both strands contain a mixture of ribonucle-
otides and deoxyribonucleotides. In certain embodiments,
the regions of complementarity are at least 70, 80, 90, 95, 98,
or 100% complementary to each other and to a target nucleic
acid sequence. In certain embodiments, the region of the
dsRNA that is present in a double-stranded conformation
includes at least 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
50, 75, 100, 200, 500, 1000, 2000 or 5000 nucleotides or
includes all of the nucleotides in a ¢cDNA or other target
nucleic acid sequence being represented in the dsRNA. In
some embodiments, the dsSRNA does not contain any single
stranded regions, such as single stranded ends, or the dsRNA
is a hairpin. In other embodiments, the dsRNA has one or
more single stranded regions or overhangs. In certain
embodiments, RNA/DNA hybrids include a DNA strand or
region that is an antisense strand or region (e.g., has at least
70, 80, 90, 95, 98, or 100% complementarity to a target
nucleic acid) and an RNA strand or region that is a sense
strand or region (e.g., has at least 70, 80, 90, 95, 98, or 100%
identity to a target nucleic acid), and vice versa.

In various embodiments, the RNA/DNA hybrid is made in
vitro using enzymatic or chemical synthetic methods such as
those described herein or those described in WO 00/63364,
filed Apr. 19, 2000, or U.S. Ser. No. 60/130,377, filed Apr. 21,
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1999. In other embodiments, a DNA strand synthesized in
vitro is complexed with an RNA strand made in vivo or in
vitro before, after, or concurrent with the transformation of
the DNA strand into the cell. In yet other embodiments, the
dsRNA is a single circular nucleic acid containing a sense and
an antisense region, or the dsRNA includes a circular nucleic
acid and either a second circular nucleic acid or a linear
nucleic acid (see, for example, WO 00/63364, filed Apr. 19,
2000, or U.S. Ser. No. 60/130,377, filed Apr. 21, 1999.)
Exemplary circular nucleic acids include lariat structures in
which the free 5' phosphoryl group of a nucleotide becomes
linked to the 2' hydroxyl group of another nucleotide in a loop
back fashion.

In other embodiments, the dsSRNA includes one or more
modified nucleotides in which the 2' position in the sugar
contains a halogen (such as fluorine group) or contains an
alkoxy group (such as a methoxy group) which increases the
half-life of the dsRNA in vitro or in vivo compared to the
corresponding dsRNA in which the corresponding 2' position
contains a hydrogen or an hydroxyl group. In yet other
embodiments, the dsRNA includes one or more linkages
between adjacent nucleotides other than a naturally-occur-
ring phosphodiester linkage. Examples of such linkages
include phosphoramide, phosphorothioate, and phospho-
rodithioate linkages. The dsRNAs may also be chemically
modified nucleic acid molecules as taught in U.S. Pat. No.
6,673,661. In other embodiments, the dSRNA contains one or
two capped strands, as disclosed, for example, by WO
00/63364, filed Apr. 19, 2000, or U.S. Ser. No. 60/130,377,
filed Apr. 21, 1999.

In other embodiments, the dsRNA can be any of the at least
partially dsRNA molecules disclosed in WO 00/63364, as
well as any of the dsSRNA molecules described in U.S. Pro-
visional Application 60/399,998; and U.S. Provisional Appli-
cation 60/419,532, and PCT/US2003/033466, the teaching of
which is hereby incorporated by reference. Any of the dsR-
NAs may be expressed in vitro or in vivo using the methods
described herein or standard methods, such as those described
in WO 00/63364.

Occupancy

In certain embodiments, antisense compounds are not
expected to result in cleavage or the target nucleic acid via
RNase H or to result in cleavage or sequestration through the
RISC pathway. In certain such embodiments, antisense activ-
ity may result from occupancy, wherein the presence of the
hybridized antisense compound disrupts the activity of the
target nucleic acid. In certain such embodiments, the anti-
sense compound may be uniformly modified or may com-
prise a mix of modifications and/or modified and unmodified
nucleosides.

Target Nucleic Acids, Target Regions and Nucleotide
Sequences Nucleotide sequences that encode A1AT include,
without limitation, the following: GENBANK Accession No.
NM_000295.4 (incorporated herein as SEQ ID NO: 1), the
complement of GENBANK Accession No. NT_026437.12
truncated from nucleosides 75840001 to 75860000 (incorpo-
rated herein as SEQ ID NO: 2), a variant sequence at the site
of the PiZ mutation (incorporated herein as SEQ 1D NO: 3),
GENBANK Accession No. NM_001002235.2 (incorporated
herein as SEQ ID NO: 4), GENBANK Accession No.
NM_001002236.2 (incorporated herein as SEQ ID NO: 5),
GENBANK Accession No. NM_001127700.1 (incorporated
herein at SEQ ID NO: 6), GENBANK Accession No.
NM_001127701.1 (incorporated herein as SEQ ID NO: 7),
GENBANK Accession No. NM_001127702.1 (incorporated
herein as SEQ ID NO: 8), GENBANK Accession No.
NM_001127703.1 (incorporated herein as SEQ ID NO: 9),
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GENBANK Accession No. NM_001127704.1 (incorporated
herein as SEQ ID NO: 10), GENBANK Accession No.
NM_001127705.1 (incorporated herein as SEQ ID NO: 11),
GENBANK Accession No. NM_001127706.1 (incorporated
herein as SEQ ID NO: 12), GENBANK Accession No.
NM_001127707.1 (incorporated herein as SEQ ID NO: 13),
and GENBANK Accession No. NW_001121215.1 truncated
from nucleotides 7483001 to 7503000 (incorporated herein
as SEQ ID NO: 14).

It is understood that the sequence set forth in each SEQ ID
NO in the Examples contained herein is independent of any
modification to a sugar moiety, an internucleoside linkage, or
a nucleobase. As such, antisense compounds defined by a
SEQ ID NO may comprise, independently, one or more modi-
fications to a sugar moiety, an internucleoside linkage, or a
nucleobase. Antisense compounds described by Isis Number
(Isis No) indicate a combination of nucleobase sequence and
motif.

In certain embodiments, a target region is a structurally
defined region of the target nucleic acid. For example, a target
region may encompass a3' UTR, a 5' UTR, an exon, an intron,
an exon/intron junction, a coding region, a translation initia-
tion region, translation termination region, or other defined
nucleic acid region. The structurally defined regions for
A1AT can be obtained by accession number from sequence
databases such as NCBI and such information is incorporated
herein by reference. In certain embodiments, a target region
may encompass the sequence from a 5' target site of one target
segment within the target region to a 3' target site of another
target segment within the same target region.

Targeting includes determination of at least one target seg-
ment to which an antisense compound hybridizes, such that a
desired effect occurs. In certain embodiments, the desired
effect is a reduction in mRNA target nucleic acid levels. In
certain embodiments, the desired effect is reduction of levels
of protein encoded by the target nucleic acid or a phenotypic
change associated with the target nucleic acid.

A target region may contain one or more target segments.
Multiple target segments within a target region may be over-
lapping. Alternatively, they may be non-overlapping. In cer-
tain embodiments, target segments within a target region are
separated by no more than about 300 nucleotides. In certain
embodiments, target segments within a target region are sepa-
rated by a number of nucleotides that is, is about, is no more
than, is no more than about, 250, 200, 150, 100, 90, 80, 70, 60,
50, 40, 30, 20, 10,9, 8,7, 6, 5,4, 3, 2, or 1 nucleotides on the
target nucleic acid, or is a range defined by any two of the
preceeding values. In certain embodiments, target segments
within a target region are separated by no more than, or no
more than about, 5 nucleotides on the target nucleic acid. In
certain embodiments, target segments are contiguous. Con-
templated are target regions defined by a range having a
starting nucleic acid that is any of the 5' target sites or 3' target
sites listed herein.

Suitable target segments may be found within a 5' UTR, a
coding region, a 3' UTR, an intron, an exon, or an exon/intron
junction. Target segments containing a start codon or a stop
codon are also suitable target segments. A suitable target
segment may specifically exclude a certain structurally
defined region such as the start codon or stop codon.

The determination of suitable target segments may include
a comparison of the sequence of a target nucleic acid to other
sequences throughout the genome. For example, the BLAST
algorithm may be used to identify regions of similarity
amongst different nucleic acids. This comparison can prevent
the selection of antisense compound sequences that may
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hybridize in a non-specific manner to sequences other than a
selected target nucleic acid (i.e., non-target or off-target
sequences).

There may be variation in activity (e.g., as defined by
percent reduction of target nucleic acid levels) of the anti-
sense compounds within an active target region. In certain
embodiments, reductions in A1AT mRNA levels are indica-
tive of inhibition of A1AT expression. Reductions in levels of
an A1AT protein are also indicative of inhibition of target
mRNA expression. Further, phenotypic changes are indica-
tive of inhibition of A1AT expression. For example, reduced
or prevented A1AT protein aggregates can be indicative of
inhibition of A1AT expression. In another example, pre-
vented liver dysfunction can be indicative of inhibition of
A1AT expression. In another example, restored liver function
can be indicative of inhibition of A1 AT expression. In another
example, prevented or reduced hepatic toxicity can be indica-
tive of A1 AT expression. In another example, prevented pul-
monary dysfunction can be indicative of inhibition of A1AT
expression. In another example, restored pulmonary function
can be indicative of inhibition of A1 AT expression. In another
example, prevented or reduced pulmonary toxicity can be
indicative of A1AT expression.

Hybridization

In some embodiments, hybridization occurs between an
antisense compound disclosed herein and an A1AT nucleic
acid. The most common mechanism of hybridization involves
hydrogen bonding (e.g., Watson-Crick, Hoogsteen or
reversed Hoogsteen hydrogen bonding) between comple-
mentary nucleobases of the nucleic acid molecules.

Hybridization can occur under varying conditions. Strin-
gent conditions are sequence-dependent and are determined
by the nature and composition of the nucleic acid molecules
to be hybridized.

Methods of determining whether a sequence is specifically
hybridizable to a target nucleic acid are well known in the art.
In certain embodiments, the antisense compounds provided
herein are specifically hybridizable with an A1AT nucleic
acid.

Complementarity

An antisense compound and a target nucleic acid are
complementary to each other when a sufficient number of
nucleobases of the antisense compound can hydrogen bond
with the corresponding nucleobases of the target nucleic acid,
such that a desired effect will occur (e.g., antisense inhibition
of a target nucleic acid, such as an A1AT nucleic acid).

Non-complementary nucleobases between an antisense
compound and an A1AT nucleic acid may be tolerated pro-
vided that the antisense compound remains able to specifi-
cally hybridize to a target nucleic acid. Moreover, an anti-
sense compound may hybridize over one or more segments of
an A1AT nucleic acid such that intervening or adjacent seg-
ments are not involved in the hybridization event (e.g., a loop
structure, mismatch or hairpin structure).

In certain embodiments, the antisense compounds pro-
vided herein, or a specified portion thereof, are, or are at least,
70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% comple-
mentary to an A1 AT nucleic acid, a target region, target seg-
ment, or specified portion thereof. Percent complementarity
of an antisense compound with a target nucleic acid can be
determined using routine methods.

For example, an antisense compound in which 18 of 20
nucleobases of the antisense compound are complementary
to a target region, and would therefore specifically hybridize,
would represent 90 percent complementarity. In this
example, the remaining noncomplementary nucleobases may
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be clustered or interspersed with complementary nucleobases
and need not be contiguous to each other or to complementary
nucleobases. As such, an antisense compound which is 18
nucleobases in length having 4 (four) noncomplementary
nucleobases which are flanked by two regions of complete
complementarity with the target nucleic acid would have
77.8% overall complementarity with the target nucleic acid
and would thus fall within the scope of the present invention.
Percent complementarity of an antisense compound with a
region of a target nucleic acid can be determined routinely
using BLAST programs (basic local alignment search tools)
and PowerBLAST programs known in the art (Altschul et al.,
J. Mol. Biol., 1990, 215, 403 410; Zhang and Madden,
Genome Res., 1997, 7, 649 656). Percent homology,
sequence identity or complementarity, can be determined by,
for example, the Gap program (Wisconsin Sequence Analysis
Package, Version 8 for Unix, Genetics Computer Group, Uni-
versity Research Park, Madison Wis.), using default settings,
which uses the algorithm of Smith and Waterman (Adv. Appl.
Math., 1981, 2, 482 489).

In certain embodiments, the antisense compounds pro-
vided herein, or specified portions thereof, are fully comple-
mentary (i.e., 100% complementary) to a target nucleic acid,
or specified portion thereof. For example, an antisense com-
pound may be fully complementary to an A1 AT nucleic acid,
or a target region, or a target segment or target sequence
thereof. As used herein, “fully complementary”” means each
nucleobase of an antisense compound is capable of precise
base pairing with the corresponding nucleobases of a target
nucleic acid. For example, a 20 nucleobase antisense com-
pound is fully complementary to a target sequence that is 400
nucleobases long, so long as there is a corresponding 20
nucleobase portion of the target nucleic acid that is fully
complementary to the antisense compound. Fully comple-
mentary can also be used in reference to a specified portion of
the first and/or the second nucleic acid. For example, a 20
nucleobase portion of a 30 nucleobase antisense compound
can be “fully complementary” to a target sequence that is 400
nucleobases long. The 20 nucleobase portion of the 30
nucleobase oligonucleotide is fully complementary to the
target sequence if the target sequence has a corresponding 20
nucleobase portion wherein each nucleobase is complemen-
tary to the 20 nucleobase portion of the antisense compound.
At the same time, the entire 30 nucleobase antisense com-
pound may or may not be fully complementary to the target
sequence, depending on whether the remaining 10 nucleo-
bases of the antisense compound are also complementary to
the target sequence.

The location of a non-complementary nucleobase may be
at the 5' end or 3' end of the antisense compound. Alterna-
tively, the non-complementary nucleobase or nucleobases
may be at an internal position of the antisense compound.
When two or more non-complementary nucleobases are
present, they may be contiguous (i.e., linked) or non-contigu-
ous. In one embodiment, a non-complementary nucleobase is
located in the wing segment of a gapmer antisense oligo-
nucleotide.

In certain embodiments, antisense compounds that are, or
areup to 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleobases in
length comprise no more than 4, no more than 3, no more than
2, or no more than 1 non-complementary nucleobase(s) rela-
tive to a target nucleic acid, such as an A1 AT nucleic acid, or
specified portion thereof.

In certain embodiments, antisense compounds that are, or
areupto 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26,27, 28, 29, or 30 nucleobases in length comprise no more
than 6, no more than 5, no more than 4, no more than 3, no
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more than 2, or no more than 1 non-complementary nucleo-
base(s) relative to a target nucleic acid, such as an A1AT
nucleic acid, or specified portion thereof.

The antisense compounds provided herein also include
those which are complementary to a portion of a target
nucleic acid. As used herein, “portion” refers to a defined
number of contiguous (i.e. linked) nucleobases within a
region or segment of a target nucleic acid. A “portion” can
also refer to a defined number of contiguous nucleobases of
an antisense compound. In certain embodiments, the anti-
sense compounds, are complementary to at least an 8 nucleo-
base portion of a target segment. In certain embodiments, the
antisense compounds are complementary to at least a 12
nucleobase portion of a target segment. In certain embodi-
ments, the antisense compounds are complementary to at
least a 15 nucleobase portion of a target segment. In certain
embodiments, the antisense compounds are complementary
to at least an 18 nucleobase portion of a target segment. Also
contemplated are antisense compounds that are complemen-
tary to atleasta 9, 10, 11, 12,13, 14, 15,16, 17, 18, 19, 20, or
more nucleobase portion of a target segment, or a range
defined by any two of these values.

Identity

The antisense compounds provided herein may also have a
defined percent identity to a particular nucleotide sequence,
SEQ ID NO, or compound represented by a specific Isis
number, or portion thereof. As used herein, an antisense com-
pound is identical to the sequence disclosed herein if it has the
same nucleobase pairing ability. For example, a RNA which
contains uracil in place of thymidine in a disclosed DNA
sequence would be considered identical to the DNA sequence
since both uracil and thymidine pair with adenine. Shortened
and lengthened versions of the antisense compounds
described herein as well as compounds having non-identical
bases relative to the antisense compounds provided herein
also are contemplated. The non-identical bases may be adja-
cent to each other or dispersed throughout the antisense com-
pound. Percent identity of an antisense compound is calcu-
lated according to the number of bases that have identical
base pairing relative to the sequence to which it is being
compared.

In certain embodiments, the antisense compounds, or por-
tions thereof, are at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99% or 100% identical to one or more of the
antisense compounds or SEQ ID NOs, or a portion thereof,
disclosed herein.

In certain embodiments, a portion of the antisense com-
pound is compared to an equal length portion of the target
nucleic acid. In certain embodiments, an 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleobase
portion is compared to an equal length portion of the target
nucleic acid.

In certain embodiments, a portion of the antisense oligo-
nucleotide is compared to an equal length portion of the target
nucleic acid. In certain embodiments, an 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleobase
portion is compared to an equal length portion of the target
nucleic acid.

Modifications

A nucleoside is a base-sugar combination. The nucleobase
(also known as base) portion of the nucleoside is normally a
heterocyclic base moiety. Nucleotides are nucleosides that
further include a phosphate group covalently linked to the
sugar portion of the nucleoside. For those nucleosides that
include a pentofuranosyl sugar, the phosphate group can be
linked to the 2', 3' or 5" hydroxyl moiety of the sugar. Oligo-
nucleotides are formed through the covalent linkage of adja-
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cent nucleosides to one another, to form a linear polymeric
oligonucleotide. Within the oligonucleotide structure, the
phosphate groups are commonly referred to as forming the
internucleoside linkages of the oligonucleotide.

Modifications to antisense compounds encompass substi-
tutions or changes to internucleoside linkages, sugar moi-
eties, or nucleobases. Modified antisense compounds are
often preferred over native forms because of desirable prop-
erties such as, for example, enhanced cellular uptake,
enhanced affinity for nucleic acid target, increased stability in
the presence of nucleases, or increased inhibitory activity.

Chemically modified nucleosides may also be employed to
increase the binding affinity of a shortened or truncated anti-
sense oligonucleotide for its target nucleic acid. Conse-
quently, comparable results can often be obtained with
shorter antisense compounds that have such chemically
modified nucleosides.

Modified Internucleoside Linkages

The naturally occurring internucleoside linkage of RNA
and DNA is a 3' to 5' phosphodiester linkage. Antisense
compounds having one or more modified, i.e. non-naturally
occurring, internucleoside linkages are often selected over
antisense compounds having naturally occurring internucleo-
side linkages because of desirable properties such as, for
example, enhanced cellular uptake, enhanced affinity for tar-
get nucleic acids, and increased stability in the presence of
nucleases.

Oligonucleotides having modified internucleoside link-
ages include internucleoside linkages that retain a phospho-
rus atom as well as internucleoside linkages that do not have
a phosphorus atom.

Representative phosphorus containing internucleoside
linkages include, but are not limited to, phosphodiesters,
phosphotriesters, methylphosphonates, phosphoramidate,
and phosphorothioates. Methods of preparation of phospho-
rous-containing and non-phosphorous-containing linkages
are well known.

In certain embodiments, antisense compounds targeted to
an A1AT nucleic acid comprise one or more modified inter-
nucleoside linkages. In certain embodiments, the modified
internucleoside linkages are phosphorothioate linkages. In
certain embodiments, each internucleoside linkage of an anti-
sense compound is a phosphorothioate internucleoside link-
age.

Modified Sugar Moieties

Antisense compounds can optionally contain one or more
nucleosides wherein the sugar group has been modified. Such
sugar modified nucleosides may impart enhanced nuclease
stability, increased binding affinity, or some other beneficial
biological property to the antisense compounds. In certain
embodiments, nucleosides comprise chemically modified
ribofuranose ring moieties. Examples of chemically modified
ribofuranose rings include without limitation, addition of
substitutent groups (including 5' and 2' substituent groups,
bridging of non-geminal ring atoms to form bicyclic nucleic
acids (BNA), replacement of the ribosyl ring oxygen atom
with S, N(R), or C(R,)(R,) (R, R, and R, are each indepen-
dently H, C,-C,, alkyl or a protecting group) and combina-
tions thereof. Examples of chemically modified sugars
include 2'-F-5'-methyl substituted nucleoside (see PCT Inter-
national Application WO 2008/101157 Published on Aug. 21,
2008 for other disclosed 5',2'-bis substituted nucleosides) or
replacement of the ribosyl ring oxygen atom with S with
further substitution at the 2'-position (see published U.S.
Patent Application US2005-0130923, published on Jun. 16,
2005) or alternatively 5'-substitution of a BNA (see PCT
International Application WO 2007/134181 Published on
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Now. 22,2007 wherein LNA is substituted with for example a
5'-methyl or a 5'-vinyl group).

Examples of nucleosides having modified sugar moieties
include without limitation nucleosides comprising 5'-vinyl,
S'-methyl (R or S), 4'-S, 2'-F, 2'-OCH,, 2'-OCH,CH,,
2'-OCH,CH,F and 2'-O(CH,),OCH, substituent groups. The
substituent at the 2' position can also be selected from allyl,
amino, azido, thio, O-allyl, O—C,-C, ; alkyl, OCF;, OCH,F,
O(CH,),SCH,, O(CH,),—0O—NR, )R,), O—CH,—C
=0)—NR,)R,), and O—CH,—C(—0O)—NR,)—
(CH,),—N(R,)(R,,), where each R, R, and R, is, indepen-
dently, H or substituted or unsubstituted C,-C,, alkyl.

As used herein, “bicyclic nucleosides™ refer to modified
nucleosides comprising a bicyclic sugar moiety. Examples of
bicyclic nucleosides include without limitation nucleosides
comprising a bridge between the 4' and the 2' ribosyl ring
atoms. In certain embodiments, antisense compounds pro-
vided herein include one or more bicyclic nucleosides com-
prising a 4' to 2' bridge. Examples of such 4' to 2' bridged
bicyclic nucleosides, include but are not limited to one of the
formulae: 4'-(CH,)—0—2' (LNA); 4'-(CH,)—S-2"; 4'-
(CH,),—0—2' (ENA); 4'-CH(CH,)—0—2' (also referred
to as constrained ethyl or cEt) and 4'-CH(CH,OCH,)—0-2'
(and analogs thereof see U.S. Pat. No. 7,399,845, issued on
Jul. 15, 2008); 4'-C(CH;)(CH;)—0O—2' (and analogs thereof
see published International Application W0O/2009/006478,
published Jan. 8, 2009); 4'-CH,—N(OCH;)—2' (and analogs
thereof see published International Application WO/2008/
150729, published Dec. 11, 2008); 4'-CH,—O—N(CH;)—2'
(see published U.S. Patent Application US2004-0171570,
published Sep. 2, 2004); 4'-CH,—N(R)—0O—2', wherein R
is H, C,-C,, alkyl, or a protecting group (see U.S. Pat. No.
7,427,672, issued on Sep. 23, 2008); 4'-CH,—C(H)(CH,)—
2' (see Chattopadhyaya et al., J. Org. Chem., 2009, 74, 118-
134); and 4'-CH,—C(—CH,)—2' (and analogs thereof see
published International Application WO 2008/154401, pub-
lished on Dec. 8, 2008).

Further reports related to bicyclic nucleosides can also be
found in published literature (see for example: Singh et al.,
Chem. Commun., 1998, 4, 455-456; Koshkin et al., Tetrahe-
dron, 1998, 54, 3607-3630; Wahlestedt et al., Proc. Natl.
Acad. Sci. U.S.A., 2000, 97, 5633-5638; Kumar et al., Bioorg.
Med. Chem. Lett., 1998, 8, 2219-2222; Singh et al., J. Org.
Chem., 1998, 63, 10035-10039; Srivastava et al., J Am.
Chem. Soc., 2007, 129(26) 8362-8379; Elayadi et al., Curr.
Opinion Invest. Drugs, 2001, 2, 558-561; Braasch et al.,
Chem. Biol., 2001, 8, 1-7; and Orum et al., Curr. Opinion Mol.
Ther., 2001, 3,239-243; U.S. Pat. Nos. 6,268,490, 6,525,191,
6,670,461, 6,770,748, 6,794,499, 7,034,133; 7,053,207,
7,399,845;7,547,684; and 7,696,345, U.S. Patent Publication
No. US2008-0039618; US2009-0012281; U.S. Patent Ser.
Nos. 60/989,574; 61/026,995; 61/026,998; 61/056,564;
61/086,231; 61/097,787; and 61/099,844; Published PCT
International applications WO 1994/014226; WO 2004/
106356; WO 2005/021570; WO 2007/134181; WO 2008/
150729; WO 2008/154401; and WO 2009/006478. Each of
the foregoing bicyclic nucleosides can be prepared having
one or more stereochemical sugar configurations including
for example a-L-ribofuranose and B-D-ribofuranose (see
PCT international application PCT/DK98/00393, published
on Mar. 25, 1999 as WO 99/14226).

In certain embodiments, bicyclic sugar moieties of BNA
nucleosides include, but are not limited to, compounds having
at least one bridge between the 4' and the 2' position of the
pentofuranosyl sugar moiety wherein such bridges indepen-
dently comprises 1 or from 2 to 4 linked groups independently
selected from —[CR)R,)],— —CR,)=CR,)—,
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—CR,)—N—, —C(=0)— —C(=NR ))— —C(=S)—,
—0—, —Si(R),—, —S(=0),—, and —NR )—;
wherein:
xis 0, 1, or 2;
nis 1, 2,3, or4;

each R, and R, is, independently, H, a protecting group,
hydroxyl, C,-C, , alkyl, substituted C,-C,, alkyl, C,-C,, alk-
enyl, substituted C,-C, , alkenyl, C,-C,, alkynyl, substituted
C,-C,, alkynyl, C5-C,, aryl, substituted C;5-C,, aryl, hetero-
cycle radical, substituted heterocycle radical, heteroaryl, sub-
stituted heteroaryl, C5-C, alicyclic radical, substituted C5-C,
alicyclic radical, halogen, OJ,;, NJ,J,, SJ;, N5, COOJ,, acyl
(C(=0)—H), substituted acyl, CN, sulfonyl (S(—0),-],), or
sulfoxyl (S(=0)-J,); and

each J, and J, is, independently, H, C,-C, , alkyl, substi-
tuted C,-C,, alkyl, C,-C,, alkenyl, substituted C,-C,, alk-
enyl, C,-C, , alkynyl, substituted C,-C, , alkynyl, C5-C, aryl,
substituted C5-C, aryl, acyl (C(=—0)—H), substituted acyl,
a heterocycle radical, a substituted heterocycle radical,
C,-C,, aminoalkyl, substituted C,-C,, aminoalkyl or a pro-
tecting group.

In certain embodiments, the bridge of a bicyclic sugar
moiety is  —{C(R)Ry],— —[CRIR,)]—O—,
—C(R_R,)—NR)—O— or —C(R R, —O—NR)—. In
certain embodiments, the bridge is 4'-CH,-2', 4'-(CH,),-2',
4'—(CH,);-2',4'-CH,—0—2',4'-(CH,),—0—2",4-CH,—
O—N(R)-2" and 4'-CH,—N(R)—0O—2'"- wherein each R is,
independently, H, a protecting group or C,-C, , alkyl.

In certain embodiments, bicyclic nucleosides are further
defined by isomeric configuration. For example, a nucleoside
comprising a 4'-2' methylene-oxy bridge, may be in the a.-L.
configuration or in the 3-D configuration. Previously, a-L-
methyleneoxy (4'-CH,—O—2') BNA’s have been incorpo-
rated into antisense oligonucleotides that showed antisense
activity (Frieden et al., Nucleic Acids Research, 2003, 21,
6365-6372).

In certain embodiments, bicyclic nucleosides include, but
are not limited to, (A) a-L-methyleneoxy (4'-CH,—O0—2")
BNA, (B) p-D-methyleneoxy (4'-CH,—0—2") BNA, (C)
ethyleneoxy (4'-(CH,),—0—2") BNA, (D) aminooxy (4'-
CH,—O—N(R)-2") BNA, (E) oxyamino (4'-CH,—N(R)—
0O—2")BNA, and (F) methyl(methyleneoxy) (4'-CH(CH;)—
0—2" BNA, (G) methylene-thio (4'-CH,—S-2') BNA, (H)
methylene-amino (4'-CH,—N(R)-2") BNA, (I) methyl car-
bocyclic (4'-CH,—CH(CH;)—2") BNA, (J) propylene car-
bocyclic (4'-(CH,);-2") BNA and (K) vinyl BNA as depicted
below:
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-continued
K)

CH,

wherein Bx is the base moiety and R is independently H, a
protecting group, C,-C, , alkyl or C,-C,, alkoxy.

In certain embodiments, bicyclic nucleosides are provided
having Formula I:

wherein:

Bx is a heterocyclic base moiety;

-Q,-Q-Q.- is —CH,—NR)—CH,—, —C(—=0)—N
(R)—CH,—, —CH,—O—NR)— —CH,—NR)—
O—or—N([R_)—0—CH,;

R, is C,-C,, alkyl or an amino protecting group; and

T,and T, are each, independently H, a hydroxyl protecting
group, a conjugate group, a reactive phosphorus group, a
phosphorus moiety or a covalent attachment to a support
medium.

In certain embodiments, bicyclic nucleosides are provided
having Formula II:

I

wherein:

Bx is a heterocyclic base moiety;

T,and T, are each, independently H, a hydroxyl protecting
group, a conjugate group, a reactive phosphorus group, a
phosphorus moiety or a covalent attachment to a support
medium;

Z, is C,-Cy alkyl, C,-C; alkenyl, C,-C, alkynyl, substi-
tuted C,-C, alkyl, substituted C,-C4 alkenyl, substituted
C,-C; alkynyl, acyl, substituted acyl, substituted amide, thiol
or substituted thio.

In one embodiment, each of the substituted groups is, inde-
pendently, mono or poly substituted with substituent groups
independently selected from halogen, oxo, hydroxyl, OJ_,
NIJ, SI., N3, OC(=X)J,, and NJ,C(—X)NIJ_J,, wherein
eachJ_, J, and ], is, independently, H, C,-C; alkyl, or substi-
tuted C,-C, alkyl and X is O or NJ_..
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In certain embodiments, bicyclic nucleosides are provided
having Formula III:

11

Zy

wherein:

Bx is a heterocyclic base moiety;

T, and T, are each, independently H, a hydroxyl protecting
group, a conjugate group, a reactive phosphorus group, a
phosphorus moiety or a covalent attachment to a support
medium;

Z, is C,-C; alkyl, C,-C, alkenyl, C,-Cq4 alkynyl, substi-
tuted C,-C; alkyl, substituted C,-C4 alkenyl, substituted
C,-C; alkynyl or substituted acyl (C(—0)—).

In certain embodiments, bicyclic nucleosides are provided
having Formula IV:

v

wherein:

Bx is a heterocyclic base moiety;

T, and T, are each, independently H, a hydroxyl protecting
group, a conjugate group, a reactive phosphorus group, a
phosphorus moiety or a covalent attachment to a support
medium;

R, is C,-Cq4 alkyl, substituted C,-C, alkyl, C,-C alkenyl,
substituted C,-Cg4 alkenyl, C,-Cg alkynyl or substituted C,-Cg
alkynyl;

each q,, q,, q.and q, is, independently, H, halogen, C,-Cq
alkyl, substituted C,-C, alkyl, C,-C, alkenyl, substituted
C,-C; alkenyl, C,-Cq alkynyl or substituted C,-Cg alkynyl,
C,-C; alkoxyl, substituted C,-C, alkoxyl, acyl, substituted
acyl, C,-Cg aminoalkyl or substituted C,-C aminoalkyl;

In certain embodiments, bicyclic nucleosides are provided
having Formula V:

v
9a  Qp
Te—0 0 Bx
0—T,
Qe
& 0
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wherein:
Bx is a heterocyclic base moiety;

T, and T, are each, independently H, a hydroxyl protecting
group, a conjugate group, a reactive phosphorus group, a
phosphorus moiety or a covalent attachment to a support
medium;

Qs 9s» 9. and gy are each, independently, hydrogen, halo-
gen, C,-C,, alkyl, substituted C,-C,, alkyl, C,-C,, alkenyl,
substituted C,-C,, alkenyl, C,-C,, alkynyl, substituted
C,-C,, alkynyl, C,-C,, alkoxy, substituted C,-C,, alkoxy,
0J, 81, SOJ, SO,I,, NII, N5, CN, C(=0)0l, C(=0)
NI, C=0), O—C(=O0)NIJ, NH)YC(=NH)NII,
NH)C(=O)NIJ; or N(H)C(=S)NJ,J;

or q, and q,together are =C(q,)(qy,);

q, and g, are each, independently, H, halogen, C,-C, , alkyl
or substituted C,-C, alkyl.

The synthesis and preparation of the methyleneoxy (4'-
CH,—0—2") BNA monomers adenine, cytosine, guanine,
5-methyl-cytosine, thymine and uracil, along with their oli-
gomerization, and nucleic acid recognition properties have
been described (Koshkin et al., Tetrahedron, 1998, 54, 3607-
3630). BNAs and preparation thereof are also described in
WO 98/39352 and WO 99/14226.

Analogs of methyleneoxy (4'-CH,—0O—2') BNA and
2'-thio-BNAs, have also been prepared (Kumar et al., Bioorg.
Med. Chem. Lett., 1998, 8,2219-2222). Preparation of locked
nucleoside analogs comprising oligodeoxyribonucleotide
duplexes as substrates for nucleic acid polymerases has also
been described (Wengel et al., WO 99/14226). Furthermore,
synthesis of 2'-amino-BNA, a novel comformationally
restricted high-affinity oligonucleotide analog has been
described in the art (Singh et al., J. Org. Chem., 1998, 63,
10035-10039). In addition, 2'-amino- and 2'-methylamino-
BNA’s have been prepared and the thermal stability of their
duplexes with complementary RNA and DNA strands has
been previously reported.

In certain embodiments, bicyclic nucleosides are provided
having Formula VI:

VI

wherein:
Bx is a heterocyclic base moiety;

T, and T, are each, independently H, a hydroxyl protecting
group, a conjugate group, a reactive phosphorus group, a
phosphorus moiety or a covalent attachment to a support
medium;

each q,, q;, 9, and q; is, independently, H, halogen, C,-C,,
alkyl, substituted C,-C,, alkyl, C,-C,, alkenyl, substituted
C,-C,, alkenyl, C,-C, , alkynyl, substituted C,-C,, alkynyl,
C,-C,, alkoxyl, substituted C,-C,, alkoxyl, OJ, SJ, SOJ,
SO,J, NJJ;, N;, CN, C(=0)0],, C(=0)N]J,, C(=0)J,
O—C(=0)NJJ,, NAH)C(=NH)NII,, NH)C(=O)NI ], or
NH)C(=S)NI I;; and
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g, and g, or q, and g, together are =C(q,)(q,), wherein q,,
and g, are each, independently, H, halogen, C,-C, , alkyl or
substituted C,-C, , alkyl.

One carbocyclic bicyclic nucleoside having a 3'-(CH,);-2'
bridge and the alkenyl analog bridge 4'-CH—CH-—CH,-2'
have been described (Freier et al., Nucleic Acids Research,
1997, 25(22), 4429-4443 and Alback et al., J. Org. Chem.,
2006, 71, 7731-7740). The synthesis and preparation of car-
bocyclic bicyclic nucleosides along with their oligomeriza-
tion and biochemical studies have also been described
(Srivastava et al., J. Am. Chem. Soc., 2007, 129(26), 8362-
8379).

As used herein, “4'-2' bicyclic nucleoside” or “4' to 2'
bicyclic nucleoside” refers to a bicyclic nucleoside compris-
ing a furanose ring comprising a bridge connecting two car-
bon atoms of the furanose ring connects the 2' carbon atom
and the 4' carbon atom of the sugar ring.

As used herein, “monocylic nucleosides” refer to nucleo-
sides comprising modified sugar moieties that are not bicyclic
sugar moieties. In certain embodiments, the sugar moiety, or
sugar moiety analogue, of a nucleoside may be modified or
substituted at any position.

As used herein, “2'-modified sugar” means a furanosyl
sugar modified at the 2' position. In certain embodiments,
such modifications include substituents selected from: a
halide, including, but not limited to substituted and unsubsti-
tuted alkoxy, substituted and unsubstituted thioalkyl, substi-
tuted and unsubstituted amino alkyl, substituted and unsub-
stituted alkyl, substituted and unsubstituted allyl, and
substituted and unsubstituted alkynyl. In certain embodi-
ments, 2' modifications are selected from substituents includ-
ing, but not limited to: O[(CH,),0],,CH;, O(CH,)NH,,
O(CH,)CH;, O(CH,)F, O(CH,)ONH,, OCH,C(—O)N(H)
CHj;, and O(CH,),,ON[(CH,)CH,],, where n and m are from
1to about 10. Other 2'-substituent groups can also be selected
from: C,-C,, alkyl, substituted alkyl, alkenyl, alkynyl,
alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH;, OCN, Cl,
Br, CN, F, CF,, OCF;, SOCH;, SO,CH,, ONO,, NO,, N;,
NH,, heterocycloalkyl, heterocycloalkaryl, aminoalky-
lamino, polyalkylamino, substituted silyl, an RNA cleaving
group, areporter group, an intercalator, a group for improving
pharmacokinetic properties, or a group for improving the
pharmacodynamic properties of an antisense compound, and
other substituents having similar properties. In certain
embodiments, modified nucleosides comprise a 2'-MOE side
chain (Baker et al., J. Biol. Chem., 1997, 272, 11944-12000).
Such 2'-MOE substitution have been described as having
improved binding affinity compared to unmodified nucleo-
sides and to other modified nucleosides, such as 2'-O-methyl,
O-propyl, and O-aminopropyl. Oligonucleotides having the
2'-MOE substituent also have been shown to be antisense
inhibitors of gene expression with promising features for in
vivo use (Martin, Helv. Chim. Acta, 1995, 78, 486-504; Alt-
mann et al., Chimia, 1996, 50, 168-176; Altmann et al., Bio-
chem. Soc. Trans., 1996, 24, 630-637; and Altmann et al.,
Nucleosides Nucleotides, 1997, 16, 917-926).

As used herein, a “modified tetrahydropyran nucleoside”
or “modified THP nucleoside” means a nucleoside having a
six-membered tetrahydropyran “sugar” substituted in for the
pentofuranosyl residue in normal nucleosides (a sugar surro-
gate). Modified THP nucleosides include, but are not limited
to, what is referred to in the art as hexitol nucleic acid (HNA),
anitol nucleic acid (ANA), manitol nucleic acid (MNA) (see
Leumann, Bioorg. Med. Chem., 2002, 10, 841-854) or fluoro
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HNA (F—HNA) having a tetrahydropyran ring system as
illustrated below:

Bx

CH;

O i
Qnn

HO

O™ Bx

In certain embodiments, sugar surrogates are selected hav-
ing Formula VII:

VI

wherein independently for each of said at least one tetrahy-
dropyran nucleoside analog of Formula VII:

Bx is a heterocyclic base moiety;

T, and T, are each, independently, an internucleoside link-
ing group linking the tetrahydropyran nucleoside analog to
the antisense compound or one of T, and T, is an internucleo-
side linking group linking the tetrahydropyran nucleoside
analog to the antisense compound and the other of T, and T,
is H, a hydroxyl protecting group, a linked conjugate group or
a 5' or 3'-terminal group;

q159ss 95 945 955 96 and q, are each independently, H, C,-Cy
alkyl, substituted C,-C, alkyl, C,-C, alkenyl, substituted
C,-C; alkenyl, C,-C, alkynyl or substituted C,-C, alkynyl;
and each of R, and R, is selected from hydrogen, hydroxyl,
halogen, substituted or unsubstituted alkoxy, NJ,J,, SJ,, N,
OC(=X)J,, OC(=X)NJ,J,, NJ,C(=X)NJ,J, and CN,
wherein X is O, S or NJ, and each J,, J, and J; is, indepen-
dently, H or C,-C; alkyl.

In certain embodiments, the modified THP nucleosides of
Formula VII are provided wherein q;, q,, 93, 94, Js, 95 20d q
are each H. In certain embodiments, at least one of q;, q,, g5,
J4s 955 96 and g5 is other than H. In certain embodiments, at
least one of q;, q,, 43, 94, 95, 5 and q, is methyl. In certain
embodiments, THP nucleosides of Formula VII are provided
wherein one of R; and R, is fluoro. In certain embodiments,
R, is fluoro and R, is H; R, is methoxy and R, is H, and R is
methoxyethoxy and R, is H.

In certain embodiments, sugar surrogates comprise rings
having more than 5 atoms and more than one heteroatom. For
example nucleosides comprising morpholino sugar moieties
and their use in oligomeric compounds has been reported (see
for example: Braasch et al., Biochemistry, 2002, 41, 4503-
4510; and U.S. Pat. Nos. 5,698,685; 5,166,315; 5,185,444,
and 5,034,506). As used here, the term “morpholino” means
a sugar surrogate having the following formula:

w
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gOYgBX

In certain embodiments, morpholinos may be modified, for
example by adding or altering various substituent groups
from the above morpholino structure. Such sugar surrogates
are referred to herein as “modified morpholinos.”

Combinations of modifications are also provided without
limitation, such as 2'-F-5'-methyl substituted nucleosides (see
PCT International Application WO 2008/101157 published
on Aug. 21, 2008 for other disclosed 5', 2'-bis substituted
nucleosides) and replacement of the ribosyl ring oxygen atom
with S and further substitution at the 2'-position (see pub-
lished U.S. Patent Application US2005-0130923, published
on Jun. 16, 2005) or alternatively 5'-substitution of a bicyclic
nucleic acid (see PCT International Application WO 2007/
134181, published on Nov. 22, 2007 wherein a 4'-CH,—O—
2' bicyclic nucleoside is further substituted at the 5' position
with a 5'-methyl or a 5'-vinyl group). The synthesis and prepa-
ration of carbocyclic bicyclic nucleosides along with their
oligomerization and biochemical studies have also been
described (see, e.g., Srivastava et al., J. Am. Chem. Soc. 2007,
129(26), 8362-8379).

In certain embodiments, antisense compounds comprise
one or more modified cyclohexenyl nucleosides, which is a
nucleoside having a six-membered cyclohexenyl in place of
the pentofuranosyl residue in naturally occurring nucleo-
sides. Modified cyclohexenyl nucleosides include, but are not
limited to those described in the art (see for example com-
monly owned, published PCT Application WO 2010/036696,
published on Apr. 10, 2010, Robeyns et al., J. Am. Chem. Soc.,
2008, 130(6), 1979-1984; Horvith et al., Tetrahedron Letters,
2007, 48, 3621-3623; Nauwelaerts et al., J. Am. Chem. Soc.,
2007, 129(30), 9340-9348; Gu et al., Nucleosides, Nucle-
otides & Nucleic Acids, 2005, 24(5-7), 993-998; Nauwelaerts
et al., Nucleic Acids Research, 2005, 33(8), 2452-2463;
Robeyns et al., Acta Crystallographica, Section F: Structural
Biology and Crystallization Communications, 2005, F61(6),
585-586; Gu et al., Tetrahedron, 2004, 60(9), 2111-2123; Gu
etal., Oligonucleotides, 2003, 13(6), 479-489; Wang et al., J.
Org. Chem., 2003, 68, 4499-4505; Verbeure et al., Nucleic
Acids Research, 2001,29(24),4941-4947; Wangetal., J. Org.
Chem., 2001, 66, 8478-82; Wang et al., Nucleosides, Nucle-
otides & Nucleic Acids, 2001, 20(4-7), 785-788; Wang et al.,
J. Am. Chem., 2000, 122, 8595-8602; Published PCT appli-
cation, WO 06/047842; and Published PCT Application WO
01/049687; the text of each is incorporated by reference
herein, in their entirety). Certain modified cyclohexenyl
nucleosides have Formula X.

X
QA2 B
T3—O
4
99
qs Bx
/O qs
q 9
T 7 6



US 9,340,784 B2

47

wherein independently for each of said at least one cyclo-
hexenyl nucleoside analog of Formula X:

Bx is a heterocyclic base moiety;

T; and T, are each, independently, an internucleoside link-
ing group linking the cyclohexenyl nucleoside analog to an
antisense compound or one of T; and T, is an internucleoside
linking group linking the tetrahydropyran nucleoside analog
to an antisense compound and the other of T; and T, is H, a
hydroxyl protecting group, a linked conjugate group, or a 5'-
or 3'-terminal group; and

d1> a5 935 9us s> de> G- 9 and q are each, independently,
H, C,-C; alkyl, substituted C,-C, alkyl, C,-C, alkenyl, sub-
stituted C,-Cg alkenyl, C,-Cg4 alkynyl, substituted C,-C alky-
ny!l or other sugar substituent group.

As used herein, “2'-modified” or “2'-substituted” refers to
a nucleoside comprising a sugar comprising a substituent at
the 2' position other than H or OH. 2'-modified nucleosides,
include, but are not limited to, bicyclic nucleosides wherein
the bridge connecting two carbon atoms of the sugar ring
connects the 2' carbon and another carbon of the sugar ring;
and nucleosides with non-bridging 2' substituents, such as
allyl, amino, azido, thio, O-allyl, O—C,-C,, alkyl, —OCF,,
0O—(CH,),—0—CH,, 2'-O(CH,),SCH;, O—(CH,),—
O—N(R,)(R,), or O—CH,—C(—0)—N(R,)(R,), where
each R,, and R, is, independently, H or substituted or unsub-
stituted C,-C,, alkyl. 2'-modified nucleosides may further
comprise other modifications, for example at other positions
of the sugar and/or at the nucleobase.

As used herein, “2'-F” refers to a nucleoside comprising a
sugar comprising a fluoro group at the 2' position of the sugar
ring.

Asused herein, “2'-OMe” or “2'-OCH,” or “2'-O-methyl”
each refers to a nucleoside comprising a sugar comprising an
—OCH;, group at the 2' position of the sugar ring.

As used herein, “MOE” or “2-MOE” or “2'-
OCH,CH,OCH;” or “2'-O-methoxyethyl” each refers to a
nucleoside  comprising a sugar comprising a
—OCH,CH,OCHj, group at the 2' position of the sugar ring.

As used herein, “oligonucleotide” refers to a compound
comprising a plurality of linked nucleosides. In certain
embodiments, one or more of the plurality of nucleosides is
modified. In certain embodiments, an oligonucleotide com-
prises one or more ribonucleosides (RNA) and/or deoxyribo-
nucleosides (DNA).

Many other bicyclo and tricyclo sugar surrogate ring sys-
tems are also known in the art that can be used to modify
nucleosides for incorporation into antisense compounds (see
for example review article: Leumann, Bioorg. Med. Chem.,
2002, 10, 841-854). Such ring systems can undergo various
additional substitutions to enhance activity.

Methods for the preparations of modified sugars are well
known to those skilled in the art. Some representative U.S.
patents that teach the preparation of such modified sugars
include without limitation, U.S. Pat. Nos. 4,981,957, 5,118,
800; 5,319,080; 5,359,044, 5,393,878, 5,446,137, 5,466,786;
5,514,785; 5,519,134; 5,567,811; 5,576,427, 5,591,722,
5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,646,265,
5,670,633, 5,700,920; 5,792,847 and 6,600,032 and Interna-
tional Application PCT/US2005/019219, filed Jun. 2, 2005
and published as WO 2005/121371 on Dec. 22, 2005, and
each of which is herein incorporated by reference in its
entirety.

In nucleotides having modified sugar moieties, the nucleo-
base moieties (natural, modified or a combination thereof) are
maintained for hybridization with an appropriate nucleic acid
target.
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In certain embodiments, antisense compounds comprise
one or more nucleosides having modified sugar moieties. In
certain embodiments, the modified sugar moiety is 2'-MOE.
In certain embodiments, the 2'-MOE modified nucleosides
are arranged in a gapmer motif. In certain embodiments, the
modified sugar moiety is a bicyclic nucleoside having a (4'-
CH(CH;)—0—2") bridging group. In certain embodiments,
the (4—CH(CH;)—0—2") modified nucleosides are
arranged throughout the wings of a gapmer motif.

Modified Nucleobases

Nucleobase (or base) modifications or substitutions are
structurally distinguishable from, yet functionally inter-
changeable with, naturally occurring or synthetic unmodified
nucleobases. Both natural and modified nucleobases are
capable of participating in hydrogen bonding. Such nucleo-
base modifications can impart nuclease stability, binding
affinity or some other beneficial biological property to anti-
sense compounds. Modified nucleobases include synthetic
and natural nucleobases such as, for example, 5-methylcy-
tosine (5-me-C). Certain nucleobase substitutions, including
S-methylcytosine substitutions, are particularly useful for
increasing the binding affinity of an antisense compound for
a target nucleic acid. For example, 5-methylcytosine substi-
tutions have been shown to increase nucleic acid duplex sta-
bility by 0.6-1.2° C. (Sanghvi, Y. S., Crooke, S. T. and Lebleu,
B., eds., Antisense Research and Applications, CRC Press,
Boca Raton, 1993, pp. 276-278).

Additional modified nucleobases include 5-hydroxym-
ethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine,
6-methyl and other alkyl derivatives of adenine and guanine,
2-propyl and other alkyl derivatives of adenine and guanine,
2-thiouracil, 2-thiothymine and 2-thiocytosine, S-halouracil
and cytosine, S5-propynyl (—C=C—CH3) wuracil and
cytosine and other alkynyl derivatives of pyrimidine bases,
6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil),
4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hy-
droxyl and other 8-substituted adenines and guanines, 5-halo
particularly 5-bromo, 5-triftuoromethyl and other 5-substi-
tuted uracils and cytosines, 7-methylguanine and 7-methy-
ladenine, 2-F-adenine, 2-amino-adenine, 8-azaguanine and
8-azaadenine, 7-deazaguanine and 7-deazaadenine and
3-deazaguanine and 3-deazaadenine.

Heterocyclic base moieties can also include those in which
the purine or pyrimidine base is replaced with other hetero-
cycles, for example 7-deaza-adenine, 7-deazaguanosine,
2-aminopyridine and 2-pyridone. Nucleobases that are par-
ticularly useful for increasing the binding affinity of antisense
compounds include 5-substituted pyrimidines, 6-azapyrim-
idines and N-2, N-6 and 0-6 substituted purines, including 2
aminopropyladenine, 5-propynyluracil and S-propynylcy-
tosine.

In certain embodiments, antisense compounds comprise
one or more modified nucleobases. In certain embodiments,
shortened or gap-widened antisense oligonucleotides com-
prise one or more modified nucleobases. In certain embodi-
ments, the modified nucleobase is 5-methylcytosine. In cer-
tain embodiments, each cytosine is a S-methylcytosine.
Compositions and Methods for Formulating Pharmaceutical
Compositions

Antisense oligonucleotides may be admixed with pharma-
ceutically acceptable active or inert substances for the prepa-
ration of pharmaceutical compositions or formulations. Com-
positions and methods for the formulation of pharmaceutical
compositions are dependent upon a number of criteria,
including, but not limited to, route of administration, extent of
disease, or dose to be administered.
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An antisense compound targeted to an A1AT nucleic acid
can be utilized in pharmaceutical compositions by combining
the antisense compound with a suitable pharmaceutically
acceptable diluent or carrier. A pharmaceutically acceptable
diluent includes phosphate-buffered saline (PBS). PBS is a
diluent suitable for use in compositions to be delivered
parenterally or by inhalation. Accordingly, in one embodi-
ment, employed in the methods described herein is a pharma-
ceutical composition comprising an antisense compound tar-
geted to an A1AT nucleic acid and a pharmaceutically
acceptable diluent. In certain embodiments, the pharmaceu-
tically acceptable diluent is PBS. In certain embodiments, the
antisense compound is an antisense oligonucleotide.

Pharmaceutical compositions comprising antisense com-
pounds encompass any pharmaceutically acceptable salts,
esters, or salts of such esters, or any other oligonucleotide
which, upon administration to an animal, including a human,
is capable of providing (directly or indirectly) the biologi-
cally active metabolite or residue thereof. Accordingly, for
example, the disclosure is also drawn to pharmaceutically
acceptable salts of antisense compounds, prodrugs, pharma-
ceutically acceptable salts of such prodrugs, and other
bioequivalents. Suitable pharmaceutically acceptable salts
include, but are not limited to, sodium and potassium salts.

A prodrug can include the incorporation of additional
nucleosides at one or both ends of an antisense compound
which are cleaved by endogenous nucleases within the body,
to form the active antisense compound.

Conjugated Antisense compounds

Antisense compounds may be covalently linked to one or
more moieties or conjugates which enhance the activity, cel-
Iular distribution or cellular uptake of the resulting antisense
oligonucleotides. Typical conjugate groups include choles-
terol moieties and lipid moieties. Additional conjugate
groups include carbohydrates, phospholipids, biotin, phena-
zine, folate, phenanthridine, anthraquinone, acridine, fluores-
ceins, rhodamines, coumarins, and dyes.

Antisense compounds can also be modified to have one or
more stabilizing groups that are generally attached to one or
both termini of antisense compounds to enhance properties
such as, for example, nuclease stability. Included in stabiliz-
ing groups are cap structures. These terminal modifications
protect the antisense compound having terminal nucleic acid
from exonuclease degradation, and can help in delivery and/
or localization within a cell. The cap can be present at the
S'-terminus (5'-cap), or at the 3'-terminus (3'-cap), or can be
present on both termini. Cap structures are well known in the
art and include, for example, inverted deoxy abasic caps.
Further 3' and 5'-stabilizing groups that can be used to cap one
or both ends of an antisense compound to impart nuclease
stability include those disclosed in WO 03/004602 published
on Jan. 16, 2003.

In certain embodiments, antisense compounds, including,
but not limited to those particularly suited for use as ssRNA,
are modified by attachment of one or more conjugate groups.
In general, conjugate groups modify one or more properties
of the attached oligonucleotide, including but not limited to
pharmacodynamics, pharmacokinetics, stability, binding,
absorption, cellular distribution, cellular uptake, charge and
clearance. Conjugate groups are routinely used in the chemi-
cal arts and are linked directly or via an optional conjugate
linking moiety or conjugate linking group to a parent com-
pound such as an oligonucleotide. Conjugate groups includes
without limitation, intercalators, reporter molecules,
polyamines, polyamides, polyethylene glycols, thioethers,
polyethers, cholesterols, thiocholesterols, cholic acid moi-
eties, folate, lipids, phospholipids, biotin, phenazine, phenan-
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thridine, anthraquinone, adamantane, acridine, fluoresceins,
rhodamines, coumarins and dyes. Certain conjugate groups
have been described previously, for example: cholesterol
moiety (Letsinger etal., Proc. Natl. Acad. Sci. USA, 1989, 86,
6553-6556), cholic acid (Manoharan et al., Bioorg. Med.
Chem. Let., 1994, 4, 1053-1060), a thioether, e.g., hexyl-S-
tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci., 1992, 660,
306-309; Manoharan et al., Bioorg. Med. Chem. Let., 1993,
3, 2765-2770), a thiocholesterol (Oberhauser et al., Nucl.
Acids Res., 1992, 20, 533-538), an aliphatic chain, e.g., do-
decan-diol or undecyl residues (Saison-Behmoaras et al.,
EMBO I, 1991, 10, 1111-1118; Kabanov et al., FEBS Lett.,
1990, 259, 327-330; Svinarchuk et al., Biochimie, 1993, 75,
49-54), a phospholipid, e.g., di-hexadecyl-rac-glycerol or tri-
ethyl-ammonium 1,2-di-O-hexadecyl-rac-glycero-3-H-
phosphonate (Manoharan et al., Tetrahedron Lett., 1995, 36,
3651-3654; Shea et al., Nucl. Acids Res., 1990, 18, 3777-
3783), a polyamine or a polyethylene glycol chain (Manoha-
ran et al., Nucleosides & Nucleotides, 1995, 14, 969-973), or
adamantane acetic acid (Manoharan et al., Tetrahedron Lett.,
1995, 36, 3651-3654), a palmityl moiety (Mishra et al., Bio-
chim. Biophys. Acta, 1995, 1264, 229-237), or an octadecy-
lamine or hexylamino-carbonyl-oxycholesterol moiety
(Crooke et al., J. Pharmacol. Exp. Ther., 1996, 277, 923-937).
For additional conjugates including those useful for ssRNA
and their placement within antisense compounds, see e.g.,
U.S. Application No. 61/583,963.

Cell Culture and Antisense Compounds Treatment

The effects of antisense compounds on the level, activity or
expression of A1AT nucleic acids can be tested in vitro in a
variety of cell types. Cell types used for such analyses are
available from commercial vendors (e.g. American Type Cul-
ture Collection, Manassas, Va.; Zen-Bio, Inc., Research Tri-
angle Park, N.C.; Clonetics Corporation, Walkersville, Md.)
and are cultured according to the vendor’s instructions using
commercially available reagents (e.g. Invitrogen Life Tech-
nologies, Carlsbad, Calif.). Illustrative cell types include, but
are not limited to, HepG2 cells, Hep3B cells, and transgenic
mouse primary hepatocytes.

In Vitro Testing of Antisense Oligonucleotides

Described herein are methods for treatment of cells with
antisense oligonucleotides, which can be modified appropri-
ately for treatment with other antisense compounds.

In general, cells are treated with antisense oligonucleotides
when the cells reach approximately 60-80% confluency in
culture.

One reagent commonly used to introduce antisense oligo-
nucleotides into cultured cells includes the cationic lipid
transfection reagent LIPOFECTIN (Invitrogen, Carlsbad,
Calif.). Antisense oligonucleotides are mixed with LIPO-
FECTIN in OPTI-MEM 1 (Invitrogen, Carlsbad, Calif.) to
achieve the desired final concentration of antisense oligo-
nucleotide and a LIPOFECTIN concentration that typically
ranges 2 to 12 ug/ml per 100 nM antisense oligonucleotide.

Another reagent used to introduce antisense oligonucle-
otides into cultured cells includes LIPOFECTAMINE (Invit-
rogen, Carlsbad, Calif.). Antisense oligonucleotide is mixed
with LIPOFECTAMINE in OPTI-MEM 1 reduced serum
medium (Invitrogen, Carlsbad, Calif.) to achieve the desired
concentration of antisense oligonucleotide and a LIPO-
FECTAMINE concentration that typically ranges 2 to 12
ug/mL per 100 nM antisense oligonucleotide.

Another technique used to introduce antisense oligonucle-
otides into cultured cells includes electroporation.

Cells are treated with antisense oligonucleotides by routine
methods. Cells are typically harvested 16-24 hours after anti-
sense oligonucleotide treatment, at which time RNA or pro-
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tein levels of target nucleic acids are measured by methods
known in the art and described herein. In general, when
treatments are performed in multiple replicates, the data are
presented as the average of the replicate treatments.

The concentration of antisense oligonucleotide used varies
from cell line to cell line. Methods to determine the optimal
antisense oligonucleotide concentration for a particular cell
line are well known in the art. Antisense oligonucleotides are
typically used at concentrations ranging from 1 nM to 300 nM
when transfected with LIPOFECTAMINE. Antisense oligo-
nucleotides are used at higher concentrations ranging from
625 to 20,000 nM when transfected using electroporation.
RNA Isolation

RNA analysis can be performed on total cellular RNA or
poly(A)+mRNA. Methods of RNA isolation are well known
in the art. RNA is prepared using methods well known in the
art, for example, using the TRIZOL Reagent (Invitrogen,
Carlsbad, Calif.) according to the manufacturer’s recom-
mended protocols.

Analysis of Inhibition of Target Levels or Expression

Inhibition of levels or expression of an A1AT nucleic acid
can be assayed in a variety of ways known in the art. For
example, target nucleic acid levels can be quantitated by, e.g.,
Northern blot analysis, competitive polymerase chain reac-
tion (PCR), or quantitaive real-time PCR. RNA analysis can
be performed on total cellular RNA or poly(A)+mRNA.
Methods of RNA isolation are well known in the art. Northern
blot analysis is also routine in the art. Quantitative real-time
PCR can be conveniently accomplished using the commer-
cially available ABI PRISM 7600, 7700, or 7900 Sequence
Detection System, available from PE-Applied Biosystems,
Foster City, Calif. and used according to manufacturer’s
instructions.

Quantitative Real-Time PCR Analysis of Target RNA Levels

Quantitation of target RNA levels may be accomplished by
quantitative real-time PCR using the ABI PRISM 7600, 7700,
or 7900 Sequence Detection System (PE-Applied Biosys-
tems, Foster City, Calif.) according to manufacturer’s instruc-
tions. Methods of quantitative real-time PCR are well known
in the art.

Prior to real-time PCR, the isolated RNA is subjected to a
reverse transcriptase (RT) reaction, which produces comple-
mentary DNA (cDNA) that is then used as the substrate for
the real-time PCR amplification. The RT and real-time PCR
reactions are performed sequentially in the same sample well.
RT and real-time PCR reagents are obtained from Invitrogen
(Carlsbad, Calit.). RT real-time-PCR reactions are carried out
by methods well known to those skilled in the art.

Gene (or RNA) target quantities obtained by real time PCR
are normalized using either the expression level of a gene
whose expression is constant, such as cyclophilin A, or by
quantifying total RNA using RIBOGREEN (Invitrogen, Inc.
Carlsbad, Calif.). Cyclophilin A expression is quantified by
real time PCR, by being run simultaneously with the target,
multiplexing, or separately. Total RNA is quantified using
RIBOGREEN RNA quantification reagent (Invetrogen, Inc.
Eugene, Oreg.). Methods of RNA quantification by
RIBOGREEN are taught in Jones, L. J., et al, (Analytical
Biochemistry, 1998, 265, 368-374). A CYTOFLUOR 4000
instrument (PE Applied Biosystems) is used to measure
RIBOGREEN fluorescence.

Probes and primers are designed to hybridize to an A1AT
nucleic acid. Methods for designing real-time PCR probes
and primers are well known in the art, and may include the use
of software such as PRIMER EXPRESS Software (Applied
Biosystems, Foster City, Calif.).
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Analysis of Protein Levels

Antisense inhibition of A1 AT nucleic acids can be assessed
by measuring A1AT protein levels. Protein levels of A1AT
can be evaluated or quantitated in a variety of ways well
known in the art, such as immunoprecipitation, Western blot
analysis (immunoblotting), enzyme-linked immunosorbent
assay (ELISA), quantitative protein assays, protein activity
assays (for example, caspase activity assays), immunohis-
tochemistry, immunocytochemistry or fluorescence-acti-
vated cell sorting (FACS). Antibodies directed to a target can
be identified and obtained from a variety of sources, such as
the MSRS catalog of antibodies (Aerie Corporation, Bir-
mingham, Mich.), or can be prepared via conventional mono-
clonal or polyclonal antibody generation methods well
known in the art. Antibodies useful for the detection of
mouse, rat, monkey, and human A1AT are commercially
available.
In Vivo Testing of Antisense Compounds

Antisense compounds, for example, antisense oligonucle-
otides, are tested in animals to assess their ability to inhibit
expression of A1AT and produce phenotypic changes, such
as, reduced or prevented A1AT protein aggregation, pre-
vented liver and/or pulmonary dysfunction, restored liver
and/or pulmonary function, prevented or reduced hepatic
and/or pulmonary toxicity. Such parameters may be indica-
tive of A1AT expression. In certain embodiments, A1ATD
associated liver dysfunction or hepatic toxicity is determined
by measuring A1AT aggregates in liver tissue, measuring
transaminases (including AL'T and AST), measuring biliru-
bin, and serum albumin. In certain embodiments, A1ATD
associated pulmonary dysfunction or pulmonary toxicity is
determined by measuring ATAT aggregates in pulmonary
tissue or by spirometry to measure FEV, and FVC. Testing
may be performed in normal animals, or in experimental
disease models. For administration to animals, antisense oli-
gonucleotides are formulated in a pharmaceutically accept-
able diluent, such as phosphate-buffered saline. Administra-
tion includes parenteral routes of administration, such as
intraperitoneal, intravenous, and subcutaneous. Administra-
tion also includes pulmonary routes of administration, such as
nebulization, inhalation, and insufflation. Calculation of anti-
sense oligonucleotide dosage and dosing frequency depends
upon factors such as route of administration and animal body
weight. Following a period of treatment with antisense oligo-
nucleotides, RNA is isolated from liver tissue and/or pulmo-
nary tissue and changes in A1AT nucleic acid expression are
measured.
Certain Indications

In certain embodiments, provided herein are methods of
treating an individual comprising administering one or more
pharmaceutical compositions described herein. In certain
embodiments, the individual has a liver disease, such as
A1ATD associated liver disease. In certain embodiments, the
individual is at risk for developing A1ATD associated liver
disease. This includes individuals with a genetic predisposi-
tion to developing A1ATD. In certain embodiments, the indi-
vidual has been identified as in need of therapy. Examples of
such individuals include, but are not limited to those having a
mutation in the genetic code for A1AT. In certain embodi-
ments, provided herein are methods for prophylactically
reducing A1AT expression in an individual. Certain embodi-
ments include treating an individual in need thereof by
administering to an individual a therapeutically effective
amount of an antisense compound targeted to an A1AT
nucleic acid.

In one embodiment, administration of a therapeutically
effective amount of an antisense compound targeted to an
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A1AT nucleic acid is accompanied by monitoring of A1AT
levels in the individual, to determine an individual’s response
to administration of the antisense compound. An individual’s
response to administration of the antisense compound is used
by a physician to determine the amount and duration of thera-
peutic intervention.

In certain embodiments, administration of an antisense
compound targeted to an A1AT nucleic acid results in reduc-
tion of A1AT expression by at least 15, 20, 25, 30, 35, 40, 45,
50,55, 60, 65,70, 75, 80,85, 90, 95 or 99%, or a range defined
by any two of these values. In certain embodiments, admin-
istration of an antisense compound targeted to an A1AT
nucleic acid results in a change in a measure of A1 AT aggre-
gates retained in the liver, liver function, and hepatic toxicity.
In certain embodiments, administration of an A1AT antisense
compound decreases the measure by at least 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 99%, or a
range defined by any two of these values. In some embodi-
ments, administration of an AlAT antisense compound
increases the measure by at least 15, 20, 25, 30, 35, 40, 45, 50,
55,60, 65, 70,75, 80, 85, 90, 95 or 99%, or a range defined by
any two of these values.

In certain embodiments, pharmaceutical compositions
comprising an antisense compound targeted to A1 AT are used
for the preparation of a medicament for treating a patient
suffering or susceptible to a liver disease, such as, A1ATD
associated liver disease.

Certain Combination Therapies

In certain embodiments, one or more pharmaceutical com-
positions described herein are co-administered with one or
more other pharmaceutical agents. In certain embodiments,
such one or more other pharmaceutical agents are designed to
treat the same disease, disorder, or condition as the one or
more pharmaceutical compositions described herein. In cer-
tain embodiments, such one or more other pharmaceutical
agents are designed to treat a different disease, disorder, or
condition as the one or more pharmaceutical compositions
described herein. In certain embodiments, such one or more
other pharmaceutical agents are designed to treat an undes-
ired side effect of one or more pharmaceutical compositions
described herein. In certain embodiments, one or more phar-
maceutical compositions described herein are co-adminis-
tered with another pharmaceutical agent to treat an undesired
effect of that other pharmaceutical agent. In certain embodi-
ments, one or more pharmaceutical compositions described
herein are co-administered with another pharmaceutical
agent to produce a combinational effect. In certain embodi-
ments, one or more pharmaceutical compositions described
herein are co-administered with another pharmaceutical
agent to produce a synergistic effect.

In certain embodiments, one or more pharmaceutical com-
positions described herein and one or more other pharmaceu-
tical agents are administered at the same time. In certain
embodiments, one or more pharmaceutical compositions
described herein and one or more other pharmaceutical
agents are administered at different times. In certain embodi-
ments, one or more pharmaceutical compositions described
herein and one or more other pharmaceutical agents are pre-
pared together in a single formulation. In certain embodi-
ments, one or more pharmaceutical compositions described
herein and one or more other pharmaceutical agents are pre-
pared separately.

In certain embodiments, pharmaceutical agents that may
be co-administered with a pharmaceutical composition
described herein include carbamazepine, A1 AT replacement
therapy, antiviral therapy, lipid lowering therapy, steroids and
COPD therapies. In certain embodiments, antiviral therapy
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includes interferon alpha-2b, interferon alpha-2a, and inter-
feron alphacon-1 (pegylated and unpegylated); ribavirin;
penciclovir (Denavir); foscarnet (Foscavir); Ascoxal; Acy-
clovir; Valacyclovir; Famciclovir; a viral RNA replication
inhibitor; a second antisense oligomer; a viral therapeutic
vaccine; a viral prophylactic vaccine; lamivudine (3TC);
entecavir (ETV); tenofovir diisoproxil fumarate (TDF); tel-
bivudine (I.dT); adefovir; or an anti-virus antibody therapy
(monoclonal or polyclonal). In certain embodiments, lipid
lowering therapy includes, but is not limited to, bile salt
sequestering resins (e.g., cholestyramine, colestipol, and
colesevelam hydrochloride), cholesterol biosynthesis inhibi-
tors, especially HMG CoA reductase inhibitors (such as ator-
vastatin, pravastatin, simvastatin, lovastatin, fluvastatin,
cerivastatin, rosuvastatin, and pitivastatin (itavastatin/risivas-
tatin)), nicotinic acid, fibric acid derivatives (e.g., clofibrate,
gemfibrozil, fenofibrate, bezafibrate, and ciprofibrate),
probucol, neomycin, dextrothyroxine, plant-stanol esters,
cholesterol absorption inhibitors (e.g., ezetimibe and pam-
aqueside), CETP inhibitors (e.g. torcetrapib, and JTT-705)
MTP inhibitors (e.g., implitapide), squalene synthetase
inhibitors, bile acid sequestrants such as cholestyramine,
inhibitors of bile acid transporters (apical sodium-dependent
bile acid transporters), regulators of hepatic CYP7a, ACAT
inhibitors (e.g. Avasimibe), estrogen replacement therapeu-
tics (e.g., tamoxigen), synthetic HDL (e.g. ETC-216), anti-
inflammatories (e.g., glucocorticoids) and antisense com-
pounds targeting cardiovascular targets (e.g., Apo B targeting
compounds and ApoC-III targeting compounds). In certain
embodiments, COPD therapies include, for example, anti-
inflammation drugs; bronchodilators, such as ipratropium
(Atrovent), tiotropium (Spiriva), salmeterol (Serevent), for-
moterol (Foradil), or albuterol; or oxygen therapy. Anti-in-
flammatory drugs can include steroids, NSAIDS (non-steroi-
dal anti-inflammatory drugs), COX inhibitors, montelukast
(Singulair), roflimulast, antihistamines and the like. In certain
embodiments, the second agent can be an asthma drug such as
an anti-inflammatory drug, a bronchodilator (e.g., beta-2 ago-
nists (LABA2), theophylline, ipratropium), a leukotriene
modifier, Cromolyn, nedocromil, a decongestant and immu-
notherapy. In certain embodiments, such co-administration is
for the treatment of liver disease. In certain embodiments,
such co-administration is for the treatment of pulmonary
disease.

In certain embodiments, pharmaceutical agents that may
be co-administered with an A1AT specific inhibitor as
described herein include, but are not limited to, an additional
A1AT inhibitor. In certain embodiments, the co-adminstered
pharmaceutical agent is administered prior to administration
of'a pharmaceutical composition described herein. In certain
embodiments, the co-administered pharmaceutical agent is
administered following administration of a pharmaceutical
composition described herein. In certain embodiments the
co-administered pharmaceutical agent is administered at the
same time as a pharmaceutical composition described herein.
In certain embodiments the dose of a co-administered phar-
maceutical agent is the same as the dose that would be admin-
istered if the co-administered pharmaceutical agent was
administered alone. In certain embodiments the dose of a
co-administered pharmaceutical agent is lower than the dose
that would be administered if the co-administered pharma-
ceutical agent was administered alone. In certain embodi-
ments the dose of a co-administered pharmaceutical agent is
greater than the dose that would be administered if the co-
administered pharmaceutical agent was administered alone.

In certain embodiments, the co-administration of a second
compound enhances the effect of a first compound, such that
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co-administration of the compounds results in an effect that is
greater than the effect of administering the first compound
alone. In other embodiments, the co-administration results in
an effect that is additive of the effects of the compounds when
administered alone. In certain embodiments, the co-adminis-
tration results an effect that is supra-additive of the effect of
the compounds when administered alone. In certain embodi-
ments, the first compound is an antisense compound. In cer-
tain embodiments, the second compound is an antisense com-
pound.
Certain Compounds

Approximately 700 modified antisense oligonucleotides
were tested for their effect on human A1AT mRNA in vitro in
several cell types. Of the approximately 700 modified anti-
sense oligonucleotides, twenty-three compounds were
selected for further in vitro studies based on in vitro activity to
test their potency in dose response studies in PiZ transgenic
mice primary hepatocytes, HepG2 cells, Hep3B cells. Of the
twenty-three compound, fifteen compounds were tested in
CD1 mice and Sprague-Dawley rats for tolerability, and in
PiZ transgenic mice for efficacy and tolerability. A final selec-
tion of seven compounds was made for further study in cyno-
molgous monkeys based on systemic tolerability and activity
in the rodent studies. These seven compounds were selected
because they are highly tolerable and very active in transgenic
PiZ mice. The compounds are complementary to the regions
1421-1440, 1561-1580, 1564-1583, 1565-1584, 1571-1590,
1575-1594, and 1577-1596 of SEQ ID NO: 1. In certain
embodiments, the compounds targeting the listed regions
comprise a modified oligonucleotide having some nucleo-
base portion of the sequence recited in SEQ ID NOs: 23, 26,
29, 30, 34, 38, and 40. In certain embodiments, the com-
pounds targeting the listed regions or having a nucleobase
portion of a sequence recited in the listed SEQ ID NOs can be
various lengths and may have one of various motifs. In certain
embodiments, a compound targeting a region or having a
nucleobase portion of a sequence recited in the listed SEQ ID
NOs has the specific length and motif as indicated by the ISIS
NOs: 487660, 487662, 496386, 496392, 496393, 496404,
and 496407. Compounds described above as being highly
tolerable and active in transgenic PiZ mice were tested in
cynomologous monkeys to assess tolerability in a primate.

In certain embodiments, the compounds as described
herein are efficacious by virtue of having at least one of an in
vitro IC,, of less than 10 uM, less than 9 uM, less than 8 pM,
less than 7 uM, less than 6 uM, less than 5 uM, less than 4 uM,
less than 3 uM, less than 2 uM, less than 1 pM when delivered
to a human cell line as described herein. In certain embodi-
ments, the compounds as described herein are highly toler-
able as demonstrated by having at least one of an increase an
ALT or AST value of no more than 4 fold, 3 fold, or 2 fold over
saline treated animals or an increase in liver, spleen or kidney
weight of no more than 30%, 20%, 15%, 12%, 10%, 5% or
2%.
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EXAMPLES

Non-Limiting Disclosure and Incorporation by
Reference

While certain compounds, compositions, and methods
described herein have been described with specificity in
accordance with certain embodiments, the following
examples serve only to illustrate the compounds described
herein and are not intended to limit the same. Each of the
references recited in the present application is incorporated
herein by reference in its entirety.

Example 1

Antisense Inhibition of Human Alpha-1 Antitrypsin
in HepG2 Cells

Antisense oligonucleotides were designed targeting a
human alpha-1 antitrypsin (A1AT) nucleic acid and were
tested for their effects on A1AT mRNA in vitro. Cultured
human HepG?2 cells at a density of 20,000 cells per well were
transfected using electroporation with 4,500 nM antisense
oligonucleotide. After a treatment period of approximately 24
hours, RNA was isolated from the cells and A1AT mRNA
levels were measured by quantitative real-time PCR using
human primer probe set RTS3320 (forward sequence
GGAGATGCTGCCCAGAAGAC, designated herein as
SEQ ID NO: 45; reverse sequence GCTGGCGGTATAG-
GCTGAAG, designated herein as SEQ ID NO: 46; probe
sequence ATCAGGATCACCCAACCTTCAACAA-
GATCA, designated herein as SEQ ID NO: 47). A1AT
mRNA levels were adjusted according to total RNA content,
as measured by RIBOGREEN®. Results are presented as
percent inhibition of A1AT, relative to untreated control cells.
Of the 695 oligonucleotides tested, only those selected for
further study are presented.

The modified antisense oligonucleotides in Table 1 were
designed as 5-10-5 MOE gapmers. The gamers are 20 nucleo-
sides in length, wherein the central gap segment comprises
ten 2'-deoxynucleosides and is flanked on both sides (in the §'
and 3' directions) by wings comprising five nucleosides each.
Each nucleoside in the 5' wing segment and each nucleoside
in the 3' wing segment has a 2’MOE sugar modification. The
internucleoside linkages throughout each gapmer are phos-
phorothioate (P—S) linkages. All cytosine residues through-
out each gapmer are 5-methylcytosines. “Human Target start
site” indicates the 5'-most nucleoside to which the gapmer is
targeted in the human gene sequence. The gapmers of Table 1
are targeted to SEQ ID NO: 1 (GENBANK Accession No.
NM_000295.4) and SEQ ID NO: 2 (the complement of GEN-
BANK Accession No. NT_026437.12 truncated from nucleo-
sides 75840001 to 75860000).

TABLE 1

Inhibition of human A1AT mRNA levels by modified antisense

oligonucleotidesg targeted to SEQ ID NOs: 1 and 2
Start Stop Start Stop
Site Site Site Site
on on on on
SEQ SEQ SEQ SEQ SEQ
iD iD iD iD ISIS % iD
NO: 1 NO: 1 NO: 1 NO: 2 Motif Sequence No inhibition NO
459 478 10624 10643 5-10-5 TGGTGCTGTTGGACT 489009 36 20

GGTGT
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TABLE 1-continued

US 9,340,784 B2

Inhibition of human A1AT mRNA levels by modified antisense

oligonucleotides targeted to SEQ ID NOs: 1 and 2
Start Stop Start Stop
Site Site Site Site
on on on on
SEQ SEQ SEQ SEQ SEQ
iD iD iD iD ISIs % iD
NO: 1 NO: 1 NO: 1 NO: 2 Motif Sequence No inhibition NO
464 483 10629 10648 5-10-5 GATATTGGTGCTGTT 489010 30 21
GGACT
494 513 10659 10678 5-10-5 GGCTGTAGCGATGC 489013 61 22
TCACTG
1421 1440 15118 15137 5-10-5 GGGTTTGTTGAACTT 496393 38 23
GACCT
1479 1498 15176 15195 5-10-5 CCACTTTTCCCATGA 496346 51 24
AGAGG
1493 1512 15190 15209 5-10-5 TTGGGTGGGATTCA 496360 42 25
CCACTT
1561 1580 15258 15277 5-10-5 CTTTAATGTCATCCA 496404 90 26
GGGAG
1562 1581 15259 15278 5-10-5 TCTTTAATGTCATCC 496405 86 27
AGGGA
1563 1582 15260 15279 5-10-5 TTCTTTAATGTCATC 496406 89 28
CAGGG
1564 1583 15261 15280 5-10-5 CTTCTTTAATGTCAT 496407 94 29
CCAGG
1565 1584 15262 15281 5-10-5 CCTTCTTTAATGTCA 496386 95 30
TCCAG
1566 1585 15263 15282 5-10-5 CCCTTCTTTAATGTC 496387 97 31
ATCCA
1567 1586 15264 15283 5-10-5 ACCCTTCTTTAATGT 496388 95 32
CATCC
1570 1589 15267 15286 5-10-5 TCAACCCTTCTTTAA 496391 83 33
TGTCA
1571 1590 15268 15287 5-10-5 CTCAACCCTTCTTTA 496392 74 34
ATGTC
1572 1591 15269 15288 5-10-5 GCTCAACCCTTCTTT 487657 79 35
AATGT
1573 1592 15270 15289 5-10-5 AGCTCAACCCTTCTT 487658 77 36
TAATG
1574 1593 15271 15290 5-10-5 CAGCTCAACCCTTCT 487659 77 37
TTAAT
1575 1594 15272 15291 5-10-5 CCAGCTCAACCCTTC 487660 87 38
TTTAA
1576 1595 15273 15292 5-10-5 ACCAGCTCAACCCT 487661 83 39
TCTTTA
1577 1596 15274 15293 5-10-5 GACCAGCTCAACCC 487662 79 40
TTCTTT
1578 1597 15275 15294 5-10-5 GGACCAGCTCAACC 474061 84 41

CTTCTT
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Example 2

Antisense Inhibition of Human Alpha-1 Antitrypsin
in Transgenic Mouse Primary Hepatocytes

Transgenic mouse primary hepatocytes are from PiZ mice,
originally generated by Sifers et al (Nucl. Acids Res. 15:
1459-1457, 1987) by introducing a 14.4 kb DNA fragment
containing the entire A1 AT gene plus 2 kb of 5' and 3' flanking
genomic DNA sequences into the germ line. Primary hepa-
tocytes were isolated from the mice and cultured for in vitro
screening.

Additional antisense oligonucleotides were designed tar-
geting a human alpha-1 antitrypsin (A1AT) nucleic acid and
were tested for their effects on A1AT mRNA in vitro. Anti-
sense oligonucleotides from the study described in Example
1 were also included in the assay and are presented in Table 2.
Cultured transgenic mouse primary hepatocytes at a density
of 10,000 cells per well were transfected using Cytofectin
reagent with 150 nM antisense oligonucleotide. After a treat-
ment period of approximately 24 hours, RNA was isolated
from the cells and A1AT mRNA levels were measured by
quantitative real-time PCR using human primer probe set
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RTS3320. A1AT mRNA levels were adjusted according to
total RNA content, as measured by RIBOGREEN®. Results
are presented as percent inhibition of A1AT, relative to
untreated control cells. Of the 311 oligonucleotides tested,
only those only those selected for further study are presented.

The modified antisense oligonucleotides presented in
Table 2 were designed as 5-10-5 MOE gapmers or 5-9-5
MOE gapmers. The 5-10-5 gapmer is 20 nucleosides in
length, wherein the central gap segment comprises of ten
2'-deoxynucleosides and is flanked on both sides (in the 5' and
3" directions) by wings comprising five nucleosides each. The
5-9-5 gapmer is 19 nucleosides in length, wherein the central
gap segment comprises nine 2'-deoxynucleosides and is
flanked on both sides (in the 5' and 3' directions) by wings
comprising five nucleosides each. Each nucleoside in the 5'
wing segment and each nucleoside in the 3' wing segment has
a 2'MOE sugar modification. The internucleoside linkages
throughout the gapmer are phosphorothioate (P—S) link-
ages. All cytosine residues throughout the gapmer are 5-me-
thylcytosines. “Human Target start site” indicates the 5'-most
nucleoside to which the gapmer is targeted in the human gene
sequence. The gapmers of Table 2 are targeted to SEQ ID NO:
2 or a variant sequence, designated herein as SEQ ID NO: 3.

TABLE 2

Inhibition of human A1AT mRNA levels by modified antisense
oligonucleotides targeted to SEQ ID NO: 2

Start Stop Start Stop
Site Site Site Site

on on on on

SEQ SEQ SEQ SEQ SEQ

1D 1D 1D 1D 18IS % 1D
NO: 2 NO: 2 NO: 3 NO: 3 No Sequence Motif inhibition NO
15275 15294 n/a n/a 474061 GGACCAGCTCAACCCTTCTT 5-10-5 96 41
15269 15288 n/a n/a 487657 GCTCAACCCTTCTTTAATGT 5-10-5 96 35
15270 15289 n/a n/a 487658 AGCTCAACCCTTCTTTAATG 5-10-5 95 36
15271 15290 n/a n/a 487659 CAGCTCAACCCTTCTTTAAT 5-10-5 96 37
15272 15291 n/a n/a 487660 CCAGCTCAACCCTTCTTTAA 5-10-5 95 38
15273 15292 n/a n/a 487661 ACCAGCTCAACCCTTCTTTA 5-10-5 95 39
15274 15293 n/a n/a 487662 GACCAGCTCAACCCTTCTTT 5-10-5 95 40
10624 10643 n/a n/a 489009 TGGTGCTGTTGGACTGGTGT 5-10-5 93 20
10629 10648 n/a n/a 489010 GATATTGGTGCTGTTGGACT 5-10-5 90 21
10659 10678 n/a n/a 489013 GGCTGTAGCGATGCTCACTG 5-10-5 94 22
15176 15195 n/a n/a 496346 CCACTTTTCCCATGAAGAGG 5-10-5 95 24
15190 15209 n/a n/a 496360 TTGGGTGGGATTCACCACTT 5-10-5 96 25
15262 15281 n/a n/a 496386 CCTTCTTTAATGTCATCCAG 5-10-5 97 30
15263 15282 n/a n/a 496387 CCCTTCTTTAATGTCATCCA 5-10-5 97 31
15264 15283 n/a n/a 496388 ACCCTTCTTTAATGTCATCC 5-10-5 97 32
15267 15286 n/a n/a 496391 TCAACCCTTCTTTAATGTCA 5-10-5 96 33
15268 15287 n/a n/a 496392 CTCAACCCTTCTTTAATGTC 5-10-5 96 34
15118 15137 n/a n/a 496393 GGGTTTGTTGAACTTGACCT 5-10-5 96 23
15258 15277 n/a n/a 496404 CTTTAATGTCATCCAGGGAG 5-10-5 99 26
15259 15278 n/a n/a 496405 TCTTTAATGTCATCCAGGGA 5-10-5 97 27
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TABLE 2-continued
Inhibition of human A1AT mRNA levels by modified antisense
oligonucleotides targeted to SEQ ID NO: 2
Start Stop Start Stop
Site Site Site Site
on on on on
SEQ  SEQ SEQ  SEQ SEQ
D ID D ID ISIS % D
NO: 2 NO: 2 NO: 3 NO: 3 No Sequence Motif inhibition NO
15260 15279 n/a  n/a 496406 TTCTTTAATGTCATCCAGGG 5-10-5 98 28
15261 15280 n/a  n/a 496407 CTTCTTTAATGTCATCCAGG 5-10-5 98 29
n/a  n/a 19 37 489112 GTCCCTTTCTTGTCGATGG  5-9-5 56 42
Example 3 TABLE 3-continued
Dose-Dependent Antisense Inhibition of Human Dose-dependent antisense inhibition of human
A1AT in Transgenic Mouse Primary Hepatocytes 20 ALAT in transgenic mouse primary hepatocytes
) ) o ISIS 469 938 1875 375 750 1500 ICs
Transgenic mouse primary hepatocytes are from PiZ mice, No nM nM nM M M oM @M)
originally generated by Sifers et al (Nucl. Acids Res. 15: 106387 4 " s 2 o8 9 5
1459-.14.157, 1987). by introducing a 14.4 kb DNA fragm.ent 406388 1 23 57 78 06 09 18
containing the entire A1 AT gene plus 2 kb of 5'and 3' flanking 25 496391 0 9 54 69 94 98 24
genomic DNA sequences into the germ line. Primary hepa- 496392 2 27 47 79 96 98 20
tocytes were isolated from the mice and cultured for in vitro 496393 34 24 60 83 96 99 13

: 496404 17 39 51 78 96 98 16

screcung. L 496405 15 18 35 72 94 99 2
Gapmers from Examples 1 and 2 exhibiting in vitro inhi- 496406 14 25 60 88 98 99 16
bition of human A1AT were tested at various doses in trans- 30 496407 26 39 62 88 97 99 12
genic mouse primary hepatocytes. Cells were plated at a
density of 10,000 cells per well and transfected using Cyto-
fectin reagent with 4.69 nM, 9.38 nM, 18.75 nM, 37.50 nM, Example 4
75.00 nM, and 150.00 nM concentrations of antisense oligo-
i ifiedi ] 35 . o
nucleot.lde, als Sll)gcﬁﬁed H;{ TNaXle 3. Aﬁ?r a(tirgatmelrllt perﬁod Oi Dose-Dependent Antisense Inhibition of Human
approximately ours, was 1solate rom t ecells an A1AT in HepG2 Cells
A1AT mRNA levels were measured by quantitative real-time
PCR. H A1AT pri be set RTS3320 dt . .
uman Prumer probe se was usec 1o Gapmers from of the study described in Example 3 were
measure mRNA levels. AIAT mRNA levels were adjusted . .

: 40 also tested at various doses in HepG2 cells. Cells were plated
according to total RNA content, as measured by ¢ a density of 20.000 cell 1l and transfected usi
RIBOGREEN®. Results are presented as percent inhibition ata ensr[y.o 2 cells per well and transiected using
of AIAT, relative to untreated control cells. electroporation with 0.31 uM, 0.63 uM, 1.25 uM, 2.50 uM,

The half maximal inhibitory concentration (ICs,) of each 5.00 M, and 10.00 uM concentrations of antisense tho-
oligonucleotide is also presented in Table 3. AIAT mRNA nucleotide, as specified in Table 4. After a treatment period of
levels were reduced in a dose-dependent manner in some of 45 approximately 16 hours, RNA was isolated from the cells and
the antisense oligonucleotide treated cells. ‘n.d.” indicates ~ AIAT mRNA levels were measured by quantitative real-time
that the IC, for that compound was not calculated. PCR. Human A1AT primer probe set RTS3320 was u;ed to

measure mRNA levels. AIAT mRNA levels were adjusted
TABLE 3 according to total RNA content, as measured by
50 RIBOGREEN®. Results are presented as percent inhibition
Dose-dependent antisense inhibition of human of A1AT, relative to untreated control cells.
ALAT in transgenic mouse primary hepatocytes The half maximal inhibitory concentration (IC5,) of each
ISIS 460 938 1875 375 750 1500 ICs oligonucleotide is also presented in Table 4. ATAT mRNA
No nM nM nM oM oM M (@M) levels were reduced in a dose-dependent manner in some of
o S " . . ” PP 55 the antisense oligonucleotide treated cells. ‘n.d.” indicates

187657 ” S5 75 93 o8 o8 5 that the IC,,, for that compound was not calculated.

487658 23 ) 59 89 95 97 12

487659 30 22 56 81 94 96 15 TABLE 4

487660 23 39 70 85 96 98 12

487661 19 39 57 85 95 97 14 60 Dose-dependent antisense inhibition

487662 22 27 49 85 92 95 17 of human AIAT in HepG? cells

489009 7 18 46 79 97 99 21

489010 25 24 46 79 96 99 17 ISIS 0.31 0.63 1.25 250  5.00 1000 ICs,

489013 26 53 77 87 99 100 9 No LM M M M pM pM OM)

489112 2 11 11 0 18 43 nd

496346 1 29 53 85 95 99 19 474061 25 21 18 12 22 39 nd.

496360 25 37 51 82 96 99 14 65 487657 37 25 58 71 82 90 1

496386 19 26 57 83 95 99 16 487658 13 29 55 66 77 87 14
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TABLE 4-continued

Dose-dependent antisense inhibition
of human A1AT in HepG2 cells

ISIS 031 063 125 250 500 1000 ICs,

No oM oM oM Mo M M ([OM)
487659 12 27 38 60 79 84 1.8
487660 55 77 85 91 92 89 <03
487661 47 63 69 85 88 86 <03
487662 36 55 76 81 85 86 04
489009 0 9 14 31 51 64 54
489010 19 21 23 37 46 50 9.8
489013 16 8 50 55 73 82 2
489112 26 0 15 14 12 23 nd
496346 0 20 39 49 38 48 6.8
496360 10 12 19 54 60 66 35
496386 50 66 88 96 97 98 <03
496387 52 72 90 96 98 99 <03
496388 56 67 86 93 97 98 <03
496391 17 29 56 77 87 95 1.2
496392 10 32 58 77 91 94 1.2
496393 34 22 22 43 50 61 57
496404 22 60 82 90 95 97 0.5
496405 33 37 67 80 92 96 0.7
496406 40 57 80 90 95 98 04
496407 51 50 77 88 94 98 0.3

Example 5

Dose-Dependent Antisense Inhibition of Human
A1AT in Hep3B Cells

Gapmers selected from of the studies described in
Examples 3 and 4 were also tested at various doses in Hep3B
cells. Cells were plated at a density of 20,000 cells per well
and transfected using electroporation with 0.31 uM, 0.63 uM,
1.25 uM, 2.50 uM, 5.00 uM, and 10.00 pM concentrations of
antisense oligonucleotide, as specified in Table 5. After a
treatment period of approximately 16 hours, RNA was iso-
lated from the cells and A1 AT mRNA levels were measured
by quantitative real-time PCR. Human A1AT primer probe
set RTS3320 was used to measure mRNA levels. A1AT
mRNA levels were adjusted according to total RNA content,
as measured by RIBOGREEN®. Results are presented as
percent inhibition of A1AT, relative to untreated control cells.

The half maximal inhibitory concentration (ICs,) of each
oligonucleotide is also presented in Table 5. ATAT mRNA
levels were reduced in a dose-dependent manner in some of
the antisense oligonucleotide treated cells. ‘n.d.” indicates
that the IC, for that compound was not calculated.

TABLE §

Dose-dependent antisense inhibition
of human AI1AT in Hep3B cells

ISIS 0.31 0.63 1.25 2.50 5.00 10.00 1C5,

NO WMo M pM M M M (OM)
474061 0 12 52 69 89 93 2.0
487657 15 30 45 53 72 88 2.0
489009 9 9 10 8 32 56 n.d.
489010 0 0 11 9 36 40 n.d.
489013 50 25 39 51 55 65 n.d.
489112 0 0 0 0 2 8 n.d.
496346 0 16 31 23 45 49 n.d.
496360 0 15 10 32 38 56 9.0
496387 29 63 79 92 98 99 04
496393 0 2 11 15 42 55 8.0
496406 9 20 63 72 90 96 1.0
496407 18 16 71 82 95 98 1.0
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Example 6

Tolerability of Antisense Oligonucleotides Targeting
Human A1AT in CD1 Mice

CDI® mice (Charles River, Mass.) are a multipurpose
model of mice frequently utilized for testing safety and effi-
cacy. The mice were treated with ISIS antisense oligonucle-
otides selected from the studies described above, and evalu-
ated for changes in the levels of various markers.

Treatment

Six to seven-week old male CD1 mice were maintained at
a 12-hour light/dark cycle and fed Purina mouse chow 5001
ad libitum. The mice were acclimated for at least 7 days in the
research facility before initiation of the experiment. Groups
of four CD1 mice each were injected subcutaneously twice a
week for 6 weeks with 50 mg/kg of ISIS 474061, ISIS
487657, ISIS 487658, ISIS 487659, ISIS 487660, ISIS
487661, ISIS 487662, ISIS 487663, ISIS 487664, and ISIS
489013. A group of four CD1 mice were injected subcutane-
ously twice a week for 6 weeks with PBS and served as the
control group. Three days after the last dose at each time
point, mice were euthanized and organs and plasma were
harvested for further analysis.

Body and Organ Weights

To evaluate the effect of ISIS oligonucleotides on body and
organ weights, body weight and liver, spleen, and kidney
weights were measured at the end of the study. The body
weights at the end of the study were compared with body
weight at pre-dose. The organ weights of the mice treated
with antisense oligonucleotides were compared with the cor-
responding organ weights of the PBS control. The results are
presented in Tables 6 and 7. Treatment with ISIS oligonucle-
otides did not cause any changes outside the expected range.

TABLE 6

Fold body weight change of CD1 mice compared to pre-dose weights

Body weight
change
PBS 1.32
ISIS 474061 1.31
ISIS 487657 1.26
ISIS 487658 1.29
ISIS 487659 1.30
ISIS 487660 1.37
ISIS 487661 1.39
ISIS 487662 1.35
ISIS 487663 1.28
ISIS 487664 1.42
ISIS 489013 1.34

TABLE 7

Fold organ weight change of CD1 mice compared to the PBS control

ISIS No Liver Kidney Spleen
474061 1.1 0.9 1.1
487657 1.4 1.0 2.2
487658 1.1 1.0 1.5
487659 1.1 1.0 1.5
487660 1.2 1.0 1.7
487661 1.3 0.9 1.6
487662 1.3 1.0 1.1
487663 1.0 1.0 1.0
487664 1.3 0.9 1.3
489013 1.2 1.0 1.5
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Plasma Chemistry

To evaluate the effect of ISIS oligonucleotides on liver and
kidney function, plasma levels of transaminases were mea-
sured using an automated clinical chemistry analyzer (Hita-
chi Olympus AU400e, Melville, N.Y.). Plasma levels of ALT
(alanine transaminase) and AST (aspartate transaminase)
were measured at the time of sacrifice, and the results are
presented in Table 8 in IU/L. Plasma levels of total bilirubin,
creatinine, BUN, and albumin were also measured using the
same clinical chemistry analyzer and are presented in Table 9.

Mice treated with all oligonucleotides except 487664 did
not demonstrate any changes in plasma markers outside the
expected range.

TABLE 8

ALT and AST levels (IU/L) of CD1 mice

ALT AST
PBS 44 59
ISIS 474061 146 142
ISIS 487657 172 242
ISIS 487658 90 139
ISIS 487659 91 97
ISIS 487660 124 97
ISIS 487661 259 182
ISIS 487662 221 143
ISIS 487663 53 61
ISIS 487664 508 279
ISIS 489013 79 97

TABLE 9

Plasma bilirubin, creatinine, BUN, and albumin levels of CD1 mice

Bilirubin Creatinine BUN Albumin

(mg/dL) (mg/dL) (mg/dL) (g/dL)
PBS 0.12 0.13 26.5 2.9
ISIS 474061 0.15 0.12 27.7 2.9
ISIS 487657 0.15 0.11 242 3.0
ISIS 487658 0.14 0.12 28.0 2.9
ISIS 487659 0.15 0.13 27.1 2.9
ISIS 487660 0.14 0.12 254 2.9
ISIS 487661 0.12 0.14 29.4 2.8
ISIS 487662 0.11 0.12 24.8 2.8
ISIS 487663 0.18 0.11 28.1 3.0
ISIS 487664 0.16 0.11 26.0 2.7
ISIS 489013 0.13 0.13 27.2 2.8

Example 7

Efficacy and Tolerability of Antisense
Oligonucleotides Targeting Human A1AT in
Transgenic PiZ mice

Transgenic PiZ mice were originally generated by Sifers et
al (Nucl. Acids Res. 15: 1459-1457, 1987) by introducing a
14.4 kb DNA fragment containing the entire A1 AT gene plus
2 kb of 5" and 3' flanking genomic DNA sequences into the
germline. The mice were treated with ISIS antisense oligo-
nucleotides selected from the studies described above, and
the efficacy and tolerability of the antisense oligonucleotides
was evaluated.
Treatment

Five to six-week old male and female PiZ mice were main-
tained at a 12-hour light/dark cycle and fed Purina mouse
chow 5001 ad libitum. The mice were acclimated for at least
7 days in the research facility before initiation of the experi-
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ment. Groups of four PiZ mice each, consisting of two males
and two females, were injected subcutaneously twice a week
for 4 weeks with 25 mg/kg (50 mg/kg/week) of ISIS 474061,
ISIS 487657, ISIS 487658, ISIS 487659, ISIS 487660, ISIS
487661, ISIS 487662, ISIS 487663, and ISIS 489013. One
group of mice was injected subcutaneously twice a week for
4 weeks with 25 mg/kg (50 mg/kg/week) of control oligo-
nucleotide, ISIS 141923 (CCTTCCCTGAAGGTTCCTCC,
5-10-5 MOE gapmer with no known murine target, SEQ 1D
NO: 43). One group of mice was injected subcutaneously
twice a week for 4 weeks with PBS and served as the control
group. Blood samples were collected via tail snip prior to
dosing and at week 2 and week 4 after dosing. Two days after
the last dose, mice were euthanized and organs and plasma
were harvested for further analysis.
RNA Analysis

At the end of the study, RNA was extracted from liver
tissue for real-time PCR analysis of human A1 AT levels using
primer probe set RT'S3320. Results are presented as percent
inhibition of A1 AT, relative to PBS control, normalized to the
house-keeping gene, Cyclophilin. As shown in Table 10,
treatment with some of the ISIS oligonucleotides reduced
A1AT mRNA levels. Specifically, treatment with ISIS
487660 reduced A1AT mRNA expression levels. Treatment
with the control oligonucleotide, ISIS 141923, did not affect
A1AT levels, as expected.

TABLE 10
Percent inhibition of human A1AT mRNA relative to the PBS control
%
ISIS No inhibition
474061 36
487657 29
487658 18
487659 20
487660 76
487661 52
487662 53
487663 23
489013 13
141923 6
Protein Analysis
Plasma levels of A1AT were measured with an ELISA kit

(Alpco A1AT kit, #30-6752). Results are presented as percent
inhibition of A1AT, relative to the PBS control. As shown in
Table 11, treatment with some of the ISIS oligonucleotides
reduced A1AT plasma levels. Specifically, treatment with
ISIS 487660 reduced A1AT levels. Treatment with the control
oligonucleotide, ISIS 141923, did not affect A1AT levels, as
expected.

TABLE 11

Percent inhibition in human A1AT plasma levels relative
to the PBS control

ISIS No. week 2 week 4
474061 12 18
487657 14 18
487658 10 17
487659 12 16
487660 49 61
487661 35 41
487662 32 50
487663 25 41
489013 14 29




US 9,340,784 B2

67
Example 8

Tolerability of Antisense Oligonucleotides Targeting
Human A1AT in CD1 Mice

CD1® mice were treated with ISIS antisense oligonucle-
otides selected from the studies described above, and evalu-
ated for changes in the levels of various markers.

Treatment

Six to seven-week old male CD1 mice were maintained at
a 12-hour light/dark cycle and fed Purina mouse chow 5001
ad libitum. The mice were acclimated for at least 7 days in the
research facility before initiation of the experiment. Groups
of four CD1 mice each were injected subcutaneously twice a
week for 6 weeks with 50 mg/kg (100 mg/kg/week) of ISIS
489009, ISIS 489010, ISIS 496346, ISIS 496360, ISIS
496386, ISIS 496387, ISIS 496388, ISIS 496391, ISIS
493692, ISIS 496393, ISIS 496404, ISIS 496405, ISIS
496406, and ISIS 496407. Blood samples were collected via
tail snip prior to dosing and at weeks 2, 3, and 4 after dosing.
Three days after the last dose at each time point, mice were
euthanized and organs and plasma were harvested for further
analysis.

Plasma Chemistry

To evaluate the effect of ISIS oligonucleotides on liver and
kidney function, plasma levels of transaminases, bilirubin,
BUN, albumin, and creatinine were measured using an auto-
mated clinical chemistry analyzer (Hitachi Olympus
AU400e, Melville, N.Y.). Plasma levels were measured at the
time of sacrifice, and the results are presented in Table 12.

Mice treated with all oligonucleotides except 489009 and
ISIS 496388 did not demonstrate any changes in plasma
chemistry markers outside the expected range and, therefore,
met tolerability requirements. Specifically, treatment with
ISIS 496407 was deemed tolerable.

TABLE 12

Levels of plasma chemistry markers of CD1 mice

Bili- Creat-
ALT AST rubin BUN  Albumin inine
(IU/L) (U/L) (mg/dL) (mg/dL) (g/dL) (mg/dL)
PBS 48 65 0.15 22.6 2.9 0.17
ISIS 489009 695 412 0.19 23.8 2.8 0.16
ISIS 489010 166 225 0.19 21.1 2.9 0.15
ISIS 496346 131 111 0.17 254 2.8 0.18
ISIS 496360 55 71 0.15 255 3.0 0.16
ISIS 496386 53 79 0.16 21.3 2.9 0.17
ISIS 496387 84 134 0.12 224 2.7 0.18
ISIS 496388 528 419 0.11 23.6 2.4 0.16
ISIS 496391 107 149 0.14 224 2.8 0.16
ISIS 496392 64 116 0.11 243 2.6 0.13
ISIS 496393 130 115 0.10 26.6 3.0 0.17
ISIS 496404 74 91 0.18 21.6 3.0 0.13
ISIS 496405 79 103 0.12 23.6 2.8 0.14
ISIS 496406 81 99 0.14 21.3 2.8 0.15
ISIS 496407 71 102 0.19 18.2 2.7 0.14
Example 9

Efficacy and Tolerability of Antisense
Oligonucleotides Targeting Human A1AT in PiZ
Mice

PiZ mice were treated with ISIS antisense oligonucleotides
selected from the studies described above and evaluated for
changes in the levels of various markers.
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Treatment

Female and male PiZ mice were maintained at a 12-hour
light/dark cycle and fed Purina mouse chow 5001 ad libitum.
The mice were acclimated for at least 7 days in the research
facility before initiation of the experiment. Groups of four
PiZ mice each were injected subcutaneously twice a week for
4 weeks with 25 mg/kg (50 mg/kg/week) of ISIS 487660,
ISIS 487661, ISIS 487662, ISIS 489010, ISIS 496346, ISIS
496360, ISIS 496386, ISIS 496387, ISIS 496391, ISIS
496392, ISIS 496393, ISIS 496404, ISIS 496405, ISIS
496406, and ISIS 496407. A group of four PiZ mice was
injected subcutaneously twice a week for 4 weeks with PBS
and served as the control group. Blood samples were col-
lected via tail snip prior to dosing and at days 12 and 27 after
dosing. Three days after the last dose at each time point, mice
were euthanized and organs and plasma were harvested for
further analysis.
RNA Analysis

At the end of the study, RNA was extracted from liver
tissue for real-time PCR analysis of A1AT using human
primer probe set RT'S3320. Results are presented as percent
inhibition of human A1AT, relative to PBS control, normal-
ized to RIBOGREEN®. As shown in Table 13, treatment with
some of the ISIS oligonucleotides reduced A1AT mRNA
levels. Specifically, ISIS 487660, ISIS 487662, ISIS 496386,
ISIS 496387, ISIS 496392, ISIS 496404, and ISIS 496407
reduced A1AT mRNA levels.

TABLE 13
Percent inhibition of human A1AT mRNA relative to the PBS control

ISIS No %
487660 72
487661 54
487662 75
489010 49
496346 36
496360 24
496386 87
496387 86
496391 69
496392 73
496393 49
496404 70
496405 49
496406 74
496407 89

Example 10

Tolerability of Antisense Oligonucleotides Targeting
Human A1AT in Sprague-Dawley Rats

Sprague-Dawley rats are a multipurpose model of rats fre-
quently utilized for safety and efficacy testing. The rats were
treated with ISIS antisense oligonucleotides selected from the
studies described in Examples 8 and 9, and evaluated for
changes in the levels of various markers.

Treatment

Groups of four Sprague-Dawley rats each were injected
subcutaneously twice a week for 6 weeks with 50 mg/kg (100
mg/kg/week) of ISIS 487660, ISIS 487662, ISIS 496386,
ISIS 496387, ISIS 496392, ISIS 496406, and ISIS 496407. A
group of four Sprague-Dawley rats was injected subcutane-
ously twice a week for 6 weeks with PBS and served as the
control group. Three days after the last dose at each time
point, the rats were euthanized and organs and plasma were
harvested for further analysis.
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Plasma Chemistry

To evaluate the effect of ISIS oligonucleotides on liver and
kidney function, plasma levels of transaminases, BUN, albu-
min, and creatinine were measured using an automated clini-
cal chemistry analyzer (Hitachi Olympus AU400e, Melville,
N.Y.). Plasma levels were measured at the time of sacrifice,
and the results are presented in Table 14.

Rats treated with ISIS oligonucleotides did not demon-
strate changes in plasma chemistry markers outside the
expected range and, therefore, were deemed tolerable in this
regard.

TABLE 14
Levels of plasma chemistry markers of Sprague-Dawley rats

ALT AST BUN Albumin  Creatinine

(IU/L) (IU/L) (mg/dL) (g/dL) (mg/dL)
PBS 51 64 20 4.4 0.20
ISIS 487660 42 70 22 3.3 0.28
ISIS 487662 48 104 29 3.0 0.26
ISIS 496386 43 85 23 3.3 0.29
ISIS 496387 42 74 23 3.0 0.28
ISIS 496392 42 78 21 3.3 0.28
ISIS 496406 70 159 24 2.8 0.23
ISIS 496407 45 82 21 3.1 0.26
Body and Organ Weights

To evaluate the effect of ISIS oligonucleotides on body and
organ weights, body weight and liver, spleen, and kidney
weights were measured two days before the rats were eutha-
nized and organ weights were measured at the end of the
study. The results are presented in Table 15. Treatment with
ISIS oligonucleotides, except ISIS 496406, did not cause any
changes outside the expected range and, therefore, were
deemed tolerable in this regard.

TABLE 15
Body and organ weights (in grams) of Sprague-Dawley rats
Body
weight Liver Kidney Spleen
PBS 473 1.0 1.0 1.0
ISIS 487660 392 1.3 1.1 4.1
ISIS 487662 376 1.3 1.3 3.7
ISIS 496386 385 1.2 1.1 4.4
ISIS 496387 409 1.1 1.1 4.1
ISIS 496392 368 1.2 1.1 3.0
ISIS 496406 340 1.3 1.2 7.0
ISIS 496407 377 1.1 1.1 3.9
Example 11

Dose Response of Antisense Oligonucleotides
Targeting Human A1AT in PiZ Mice

PiZ mice were treated with ISIS antisense oligonucleotides
selected from the studies described above and evaluated for
changes in the levels of various markers.

Treatment

Female and male PiZ mice were maintained at a 12-hour
light/dark cycle and fed Purina mouse chow 5001 ad libitum.
The mice were acclimated for at least 7 days in the research
facility before initiation of the experiment. Groups of four
PiZ mice each were injected subcutaneously twice a week for
4 weeks with 12.5 mg/kg, 25 mg/kg, or 37.5 mg/kg of ISIS
487660, ISIS 487662, ISIS 489010, ISIS 496386, ISIS
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496392, ISIS 496393, ISIS 496404, and ISIS 496407 (weekly
doses of 25 mg/kg, 50 mg/kg, and 75 mg/kg). One group of
four PiZ mice was injected subcutaneously twice a week for
4 weeks with 37.5 mg/kg (75 mg/kg/week) of ISIS 141923.
One group of four PiZ mice was injected subcutaneously
twice a week for 4 weeks with PBS and served as the control
group. Blood samples were collected via tail snip prior to
dosing and at week 4 after dosing. Three days after the last
dose at each time point, mice were euthanized and organs and
plasma were harvested for further analysis.

RNA Analysis

At the end of the study, RNA was extracted from liver
tissue for real-time PCR analysis of A1AT using human
primer probe set RTS3320 (forward sequence GGAGAT-
GCTGCCCAGAAGAC, designated herein as SEQ ID NO:
48; reverse sequence GCTGGCGGTATAGGCTGAAG, des-
ignated herein as SEQ ID NO: 49; probe sequence ATCAG-
GATCACCCAACCTTCAACAAGATCA, designated
herein as SEQ ID NO: 50). Results are presented as percent
inhibition of human A1AT, relative to PBS control, normal-
ized to RIBOGREEN®. As shown in Table 16, treatment with
ISIS 487660, ISIS 496386, and ISIS 496407 reduced A1AT
mRNA levels. Treatment with the control oligonucleotide,
ISIS 141923, did not affect AIAT mRNA expression, as
expected.

TABLE 16
Percent inhibition of human A1AT mRNA relative to the PBS control
ISIS No 25 mg/kg 50 mg/kg 75 mg/kg
487660 40 61 58
487662 19 52 51
489010 0 4 9
496386 47 71 84
496392 10 26 39
496393 0 0 0
496404 0 3 27
496407 22 51 76
Protein Analysis

Plasma levels of A1AT were measured at week 4 with an
ELISAkit (Alpco A1AT kit, #30-6752). Results are presented
as percent inhibition of A1AT, relative to pre-dose levels. As
shown in Table 17, treatment with most of the ISIS oligo-
nucleotides reduced A1AT plasma levels. Specifically, treat-
ment with ISIS 487660, ISIS 487662, ISIS 496386, and ISIS
496407 reduced A1AT plasma levels. Treatment with the
control oligonucleotide, ISIS 141923, did not affect A1AT
levels, as expected.

TABLE 17

Percent change in human A1AT plasma levels relative
to pre-dose levels

ISIS No 25 mg/kg 50 mg/kg 75 mg/kg
487660 66 76 83
487662 42 68 73
489010 24 22 36
496386 67 82 88
496392 28 48 62
496393 12 34 32
496404 47 58 56
496407 46 65 88
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Example 12

Dose-Dependent Antisense Inhibition of Human
A1AT in PiZ Mouse Primary Hepatocytes

Gapmers from the study described in Example 11 were
also tested at various doses in PiZ mouse primary hepato-
cytes. Cells were plated at a density of 25,000 cells per well
and transfected using electroporation with 0.63 uM, 2.00 uM,
6.32 uM, 20.00 uM, 63.2 uM, and 200.0 uM concentrations of
antisense oligonucleotide, as specified in Table 18. After a
treatment period of approximately 16 hours, RNA was iso-
lated from the cells and A1 AT mRNA levels were measured
by quantitative real-time PCR. Human A1AT primer probe
set RTS3335_MGB (forward sequence GACCACCGT-
GAAGGTGCCTAT, designated herein as SEQ ID NO: 51;
reverse sequence GGACAGCTTCTTACAGTGCTGGAT,
designated herein as SEQ ID NO: 52; probe sequence
ATGAAGCGTTTAGGCATGTT, designated herein as SEQ
IDNO: 53) was used to measure mRNA levels. AIAT mRNA
levels were adjusted according to total RNA content, as mea-
sured by RIBOGREEN®. Results are presented as percent
inhibition of A1AT, relative to untreated control cells.

The half maximal inhibitory concentration (ICs,) of each
oligonucleotide is also presented in Table 18. A1AT mRNA
levels were reduced in a dose-dependent manner in antisense
oligonucleotide treated cells.
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Example 13

Effect of ISIS Antisense Oligonucleotides Targeting
Human A1AT in Cynomolgus Monkeys

Cynomolgus monkeys were treated with ISIS antisense
oligonucleotides selected from studies described above. Anti-
sense oligonucleotide efficacy and tolerability were evalu-
ated. The human antisense oligonucleotides tested are also
cross-reactive with the complement of the rhesus genomic
sequence NW_001121215.1 truncated from nucleotides
7483001 to 7503000 (designated herein as SEQ ID NO: 14).
The greater the complementarity between the human oligo-
nucleotide and the rhesus monkey sequence, the more likely
the human oligonucleotide can cross-react with the rhesus
monkey sequence. The start and stop sites of each oligonucle-
otide to SEQ ID NO: 1 and SEQ ID NO: 14 are presented in
Table 19. “SEQ ID NO: 1 Start Site” indicates the 5'-most
nucleotide to which the gapmer is targeted in the human
sequence. “SEQ ID NO: 1 Stop Site” indicates the 3'-most
nucleotide to which the gapmer is targeted in the human
sequence. “SEQ ID NO: 14 Start Site” indicates the 5'-most
nucleotide to which the gapmer is targeted in the rhesus
monkey gene sequence. “SEQ ID NO: 14 Stop Site” indicates
the 3'-most nucleotide to which the gapmer is targeted in the
rhesus monkey gene sequence. “Mismatches to SEQ ID NO:
14” are the number of mismatches in nucleobases the human
oligonucleotide has with the rhesus genomic sequence.

TABLE 19
Antisense oligonucleotides complementary to SEQ ID NO: 1 and SEQ ID NO: 14
SEQ SEQ SEQ  SEQ Mis-
ID 1 ID 1 ID 14 ID 14 matches SEQ
Start Stop Start Start to SEQ ISIS iD
Site Site Site Site ID 14 Sequence No Motif NO
1575 1594 14921 14940 0 CCAGCTCAACCCTTCTTTAA 487660 5-10-5 38
1577 1596 14923 14942 0 GACCAGCTCAACCCTTCTTT 487662 5-10-5 40
1565 1584 14911 14930 1 CCTTCTTTAATGTCATCCAG 496386 5-10-5 30
1571 1590 14917 14936 0 CTCAACCCTTCTTTAATGTC 496392 5-10-5 34
1421 1440 14767 14786 0 GGGTTTGTTGAACTTGACCT 496393 5-10-5 23
1561 1580 14907 14926 1 CTTTAATGTCATCCAGGGAG 496404 5-10-5 26
1564 1583 14910 14929 1 CTTCTTTAATGTCATCCAGG 496407 5-10-5 29
TABLE 18 Treatment
5o  Prior to the study, 36 cynomolgus monkeys were kept in
. - quarantine for a 5-week period, during which the animals
Dose-dependent antisense inhibition of human A
ALAT in PLZ i Henat were observed daily for general health. The monkeys were
in P12 mouse primary hepatocytes 2-3 years old and weighed between 2 and 5 kg. Groups of four
randomly assigned male cynomolgus monkeys each were
ISIS 063 200 632 200 632 2000 ICs injected subcutaneously with ISIS oligonucleotide or PBS
No uM uM uM M M M @M) 3 ysing a stainless steel dosing needle and syringe of appropri-
ate size into the intracapsular region and outer thigh of the
487660 0 60 87 90 87 93 0.3 monkeys. Seven groups were dosed four times a week for the
487662 0 27 77 86 85 93 0.4 first week (days 1, 3, 5, and 7) as loading doses, and subse-
489010 0 0 12 a1 2 95 23 quently once a week for weeks 2-12, with 50 mg/kg of ISIS
496392 0 I 81 96 o5 96 04 60 487660, ISIS 487662, ISIS 496386, ISIS 496392, ISIS
496393 o N 0 o1 o6 97 05 496393, ISIS 496404, or ISIS 496407. One group was
: injected subcutaneously with 25 mg/kg of ISIS 496407 four
492404 0 10 76 93 o7 o7 0.4 times a week for the first week (days 1, 3, 5, and 7) as loading
492386 0 43 85 96 96 97 03 doses, and subsequently once a week for weeks 2-13. A
492407 0 30 74 96 96 97 04 65

control group of monkeys was injected with PBS subcutane-
ously four times a week for the first week (days 1, 3, 5, and 7),
and subsequently once a week for weeks 2-13.
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Hepatic Target Reduction
RNA Analysis

On day 86, RNA was extracted from liver tissue for real-
time PCR analysis of A1AT using primer probe set rhSER-
PINAI_LTS00903 ((forward sequence TCTTTAAAG-
GCAAATGGGAGAGA, designated herein as SEQ 1D NO:
54; reverse sequence TGCCTAAACGCCTCATCATG, des-
ignated herein as SEQ ID NO: 55; probe sequence
CCACGTGGACCAGGCGACCA, designated herein as
SEQ ID NO: 56). Results are presented as percent inhibition
of A1AT mRNA, relative to PBS control, normalized to the
house keeping gene Cyclophilin. Similar results were
obtained on normalization with RIBOGREEN®. As shown in
Table 20, treatment with ISIS antisense oligonucleotides
resulted in reduction of A1AT mRNA in comparison to the
PBS control.

TABLE 20

Percent Inhibition of AIAT mRNA in the cynomolgus monkey liver
relative to the PBS control

% inhibition % inhibition

Maintenance Dose (normalized (normalized

ISIS No (mg/kg/wk) RIBOGREEN) Cyclophilin)
487660 50 83 87
487662 50 54 37
496386 50 51 38
496392 50 63 55
496393 50 33 8
496404 50 12 3
496407 50 45 34
496407 25 25 1

Protein Analysis

On day 85, monkeys in all groups were fasted overnight.
The next day, approximately 1 mL of blood was collected into
tubes containing the potassium salt of EDTA. The tubes were
centrifuged at 3,000 rpm for 10 min at room temperature to
obtain plasma. The plasma samples from all groups were
assayed in an automated clinical chemistry analyzer (Hitachi
Olympus AU400e, Melville, N.Y.) to measure A1 AT protein
levels using an antibody based assay designed by Olympus.
As shown in Table 21, treatment with some of the ISIS anti-
sense oligonucleotides resulted in reduction of A1 AT protein
levels in comparison to pre-dose levels on day —13.

TABLE 21

Percent Inhibition of plasma A1AT protein levels in cynomolgus
monkey relative to the PBS control

Maintenance Dose
ISIS No (mg/kg/wk) % inhibition
487660 50 83
487662 50 42
496386 50 30
496392 50 49
496393 50 7
496404 50 5
496407 50 27
496407 25 29
Tolerability Studies

Body and Organ Weight Measurements

To evaluate the effect of ISIS oligonucleotides on the over-
all health of the animals, body and organ weights were mea-
sured at day 86. Body weights were measured and are pre-
sented in Table 22, expressed relative to pre-dose levels on
day 1. Organ weights were measured and the data is also
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presented in Table 22, expressed relative to the body weight.
Body and organ weights after treatment with ISIS oligonucle-
otides were within the expected range.

TABLE 22

Body and organ weights in the cynomolgus monkey
(expressed in relative terms)

Dose Body

ISIS No (mg/kg/wk) weight Spleen Kidney Liver

PBS — 1.05 0.1 0.5 2.2
487660 50 1.07 0.2 0.8 3.0
487662 50 1.04 0.4 0.7 3.1
496386 50 1.00 0.4 1.8 3.8
496392 50 1.11 0.3 0.6 3.0
496393 50 1.10 0.3 0.6 3.0
496404 50 1.01 0.3 0.9 3.2
496407 50 1.01 0.3 0.9 35
496407 25 1.10 0.3 0.7 3.0

Liver Function

To evaluate the effect of ISIS oligonucleotides on hepatic
function, approximately 1.5 mL of blood samples were col-
lected from all the study groups. The monkeys were fasted
overnight prior to blood collection. Blood was collected for
serum separation in tubes without anticoagulant. The tubes
were kept at room temperature for a minimum of 90 min and
then centrifuged at 3,000 rpm for 10 min. Levels of various
liver function markers were measured using a Toshiba 200FR
NEO chemistry analyzer (Toshiba Co., Japan). Plasma levels
of ALT and AST were measured and the results are presented
in Table 23, expressed in IU/L. Bilirubin and albumin were
similarly measured and are presented in Table 34. Liver func-
tion after treatment with ISIS oligonucleotides was within the
expected range.

TABLE 23

Effect of antisense oligonucleotide treatment on liver function
markers in cynomolgus monkey plasma

Dose ALT AST Albumin  Bilirubin

ISISNo  (mg/kg/wk) (IU/L) (IU/L) (g/dL) (mg/dL)
PBS — 38 50 4.3 0.15
487660 50 52 78 4.1 0.13
487662 50 99 82 3.9 0.11
496386 50 71 77 33 0.10
496392 50 85 64 4.0 0.14
496393 50 68 62 4.2 0.16
496404 50 122 130 3.8 0.17
496407 50 56 64 3.6 0.13
496407 25 50 50 35 0.13

Kidney Function

To evaluate the effect of ISIS oligonucleotides on kidney
function, blood samples were collected from all the study
groups. The monkeys were fasted overnight prior to blood
collection. Blood was collected for serum separation in tubes
without anticoagulant. The tubes were kept at room tempera-
ture for a minimum of 90 min and then centrifuged at 3,000
rpm for 10 min. Levels of BUN and creatinine were measured
using a Toshiba 200FR NEO chemistry analyzer (Toshiba
Co., Japan). Results are presented in Table 24, expressed in
mg/dL.

Fresh urine from all animals was collected for urine analy-
sis using a clean cage pan on wet ice. The urine samples were
analyzed by the Toshiba 200FR NEO chemistry analyzer
(Toshiba Co., Japan) for their protein to creatinine (P/C) ratio.
The data is presented in Table 25.
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Kidney function after treatment with ISIS oligonucleotides
was within the expected range.

TABLE 24

Effect of antisense oligonucleotide treatment on plasma BUN
and creatinine levels in cynomolgus monkeys

Dose BUN Creatinine

ISIS No (mg/kg/wk) (mg/dL) (mg/dL)

PBS — 25 0.9
487660 50 26 0.9
487662 50 26 1.0
496386 50 69 1.5
496392 50 28 1.0
496393 50 24 0.9
496404 50 28 1.0
496407 50 42 1.3
496407 25 36 1.1

TABLE 25

Effect of antisense oligonucleotide treatment on P/C ratio
in the urine of cynomolgus monkeys

Dose

ISIS No (mg/kg/wk) P/C

PBS — 0.0
487660 50 0.1
487662 50 0.0
496386 50 5.9
496392 50 0.0
496393 50 0.1
496404 50 0.4
496407 50 0.1
496407 25 1.6

Hematology

To evaluate any effect of ISIS oligonucleotides in cyno-
molgus monkeys on hematologic parameters, approximately
0.5 mL of blood was collected on day 86 from each of the
available study animals in tubes containing K,-EDTA. The
animals were fasted overnight prior to blood collection.
Samples were analyzed for red blood cell (RBC) count, white
blood cells (WBC) count, individual white blood cell counts,
such as that of monocytes, neutrophils, lymphocytes, as well
as for platelet count, hemoglobin content and hematocrit,
using an ADVIA120hematology analyzer (Bayer, USA). The
data is presented in Tables 26 and 27.

Hematologic parameters after treatment with ISIS oligo-
nucleotides were within the expected range.

TABLE 26

Effect of antisense oligonucleotide treatment
on various blood cells in cynomolgus monkeys

Plate- Neu- Lym-

Dose WBC RBC lets tro- pho- Mono-

ISIS (mg/kg/ (x10%  (x10%/  (x10% phils cytes cytes
No wk) uL) Ly () (%) (%)
PBS — 13.2 6.1 490.5 308 629 3.6
487660 50 13.2 5.8 472.8 161 759 5.0
487662 50 11.0 5.5 413.0  19.0 657 8.5
496386 50 12.4 5.4 269.5 458 446 5.5
496392 50 12.9 5.9 3395 374 525 5.4
496393 50 12.7 5.8 3435 344 596 2.7
496404 50 13.8 6.0 4450 381 538 4.9
496407 50 10.9 5.5 4705  37.0 343 4.0
496407 25 12.8 5.4 489.8 359 365 4.2
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TABLE 27

Effect of antisense oligonucleotide treatment on hematologic
parameters in cynomolgus monkeys

Dose Hemoglobin Hematocrit

ISIS No (mg/kg/wk) (g/dL) (%)

PBS — 13.0 41.9
487660 50 12.8 41.2
487662 50 12.1 39.2
496386 50 11.1 37.1
496392 50 134 42.7
496393 50 12.9 40.9
496404 50 13.5 42.0
496407 50 124 40.6
496407 25 11.7 38.5

Example 14

Efficacy of Antisense Oligonucleotides Targeting
Human A1AT in Transgenic PiZ Mice

Transgenic PiZ mice were treated with ISIS 496407 and its
efficacy was evaluated.
Treatment

Six-week old male and female PiZ mice were maintained
ata 12-hour light/dark cycle and fed Purina mouse chow 5001
ad libitum. The mice were acclimated for at least 7 days in the
research facility before initiation of the experiment. One
cohort of PiZ mice were injected subcutaneously twice a
week for 8 weeks with 25 mg/kg (50 mg/kg/week) of ISIS
496407. One cohort of mice was injected subcutaneously
twice a week for 8 weeks with PBS and served as the control.
Two days after the last dose, mice were euthanized, and
organs and plasma were harvested for further analysis.
RNA Analysis

At the end of the study, RNA was extracted from liver
tissue for real-time PCR analysis of human A1 AT levels using
primer probe set RT'S3320. Results are presented as percent
inhibition of A1 AT, relative to PBS control, normalized to the
house-keeping gene, Cyclophilin. As shown in Table 28,
treatment with ISIS 496407 reduced A1AT mRNA levels in
both male and female mice relative to the PBS control.

TABLE 28

Percent inhibition of human A1AT mRNA relative to the PBS control

%

Male
Female

93
81

Protein Analysis

Plasma levels of A1AT were measured once every two
weeks with an ELISA kit (Alpco A1AT kit, #30-6752).
Results are presented as percent inhibition of A1AT, relative
to the values taken pre-dose. As shown in Table 29, treatment
with ISIS 496407 reduced A1AT plasma levels.

TABLE 29
Percent inhibition in human A1AT plasma levels
relative to the PBS control
Week 2 Week 4 Week 6 Week 8
Male 60 30 90 90
Female 70 80 80 20




US 9,340,784 B2

77

Analysis of Liver A1AT Protein Aggregates

For separation of soluble and insoluble A1AT protein, 10
mg of whole liver was placed in a buffer consisting of 50
mmol/LL Tris HC1 (pH 8.0), 150 mmol/l. KCl, 5 mmol/LL
MgCl,, 0.5% Triton X-100, and 80 ul. CompleteR protease
inhibitor stock. The liver tissue was homogenized in a pre-
chilled Dounce homogenizer with 30 repetitions and then the
suspension was vortexed vigorously. A 1-mL aliquot of the
suspension was passed through a 28-gauge needle 10 times to
further homogenize the tissue. The total protein concentration
of'the aliquot was determined. A 5 pgliver sample aliquot was
centrifuged at 10,000 g for 30 min at 4° C. The supernatant
containing the soluble AI1AT fraction was immediately
removed into a fresh tube with extreme care being taken to
avoid disturbing the cell pellet, or non-soluble fraction. The
cell pellet containing the insoluble polymer of A1AT protein
was denatured and solubilized by addition of 10 uLlL of chilled
cell lysis buffer (1% Triton X-100, 0.05% deoxycholate and
10 mmol/L. EDTA in PBS), vortexing for 30 sec, sonication
on ice for 10 min and further vortexing. Both the soluble
A1AT fraction and the solubilized A1AT polymer fraction
were boiled in 2.5x sample buffer (5% sodium dodecyle
sulfate, 50% glycerol, 0.5 mol/LL Tris [pH 6.8], 10% beta-
mercaptoethanol, 40% double distilled water). The samples
were then loaded on an SDS-PAGE. Western analysis was
subsequently conducted using goat anti-human alpha-1 antit-
rypsin Nephelometric serum (DiaSorin Inc, Cat#80502). The
bands of the Western blot were quantified using a densitom-
eter and analyzed using Imagel software. The data indicated
that both soluble and insoluble A1AT protein fractions were
reduced after treatment with ISIS 496407. Table 30 presents
the results for the A1AT polymer fraction, expressed as per-
centage reduction of the polymer relative to the PBS control.

TABLE 30

Percent inhibition in human A1AT polymer relative to the PBS control

%

Male
Female

32
38

Example 15

Effect of Antisense Inhibition of A1AT in Halting
Progression of A1AT Deficiency Liver Disease in
PiZ Mice

The effect of inhibition of A1AT mRNA expression with
antisense oligonucleotides on halting the progression of
A1AT deficiency liver disease was examined in PiZ mice.
Treatment

Male PiZ mice, 6-8 weeks in age, were randomly divided
into treatment groups of 4 mice each. Three treatment groups
were injected with 25 mg/kg of ISIS 487660 (SEQ ID NO:
38), administered subcutaneously twice a week for 4, 8, or 12
weeks. Another three groups were injected with PBS, admin-
istered subcutaneously twice a week for 4, 8, or 12 weeks.
Two PiZ mice with no treatment administered were included
to provide baseline measurements. At the end of each treat-
ment period, the mice were euthanized with isoflurane fol-
lowed by cervical dislocation. Liver tissue was collected and
processed for further analysis.

RNA Analysis

RNA isolation was performed using the Invitrogen

PureLink™ Total RNA Purification Kit, according to the
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manufacturer’s protocol. RT-PCR was performed and A1AT
RNA expression was measured using primer probe set
RTS3320 and normalized to RIBOGREEN®.

A1AT mRNA expression was assessed in the liver. As
shown in Table 31, A1AT mRNA expression in mice treated
with ISIS 487660 was inhibited compared to the control
group in all treatment groups. The mRNA expression levels
are expressed as percent inhibition of expression levels com-
pared to that in the PBS control.

TABLE 31
Percent inhibition of ATAT mRNA levels (%) compared to the
PBS control
Weeks of
treatment Liver
4 76
8 89
12 80

Protein Analysis Plasma levels of A1 AT were measured once
every two weeks with a clinical analyzer and Diasorin anti-
body to A1AT protein. Results are presented as percent inhi-
bition of A1AT, relative to the values taken pre-dose. As
shown in Table 32, treatment with ISIS 487660 reduced
A1AT plasma levels in all treatment groups.

TABLE 32
Percent inhibition in human A1AT plasma levels relative to the
PBS control
Weeks of
treatment % inhibition
4 63
8 65
12 68

Quantification of A1AT Globules in the Liver

A well-known characteristic of the A1AT deficiency liver
disease is the presence of PAS-positive globules in hepato-
cytes (Teckman, J. H. et al., Am. J. Physiol. Gastrointest.
Liver Physiol. 2002. 283: G1156-G1165). Analysis was per-
formed on a total tissue area of 2,250,000 m? using Spectrum
software system (Aperio, Calif.). Hepatocytes were stained
with Period acid-Schiff stain after diastase treatment of the
liver sections.

The average diameters of the globules in each treatment
group were measured and are presented in Table 33. The total
globule area was calculated and is presented in Table 34. The
results indicate that treatment with ISIS 487660 reduced or
halted globule formation in hepatocytes in all treatment
groups.

TABLE 33

Average globule diameter (uM) in PiZ mice

Weeks of Treatment

treatment groups Diameter

— Baseline 042

4 PBS 1.76

ISIS 487660 0.31

8 PBS 2.54

ISIS 487660 0.40

12 PBS 3.33

ISIS 487660 0.48
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TABLE 34

Total globule area (wm?) in PiZ mice

Weeks of Treatment

treatment groups Area
— Baseline 41,392
4 PBS 95,948
ISIS 487660 58,218
8 PBS 76,074
ISIS 487660 61,260
12 PBS 147,753
ISIS 487660 64,546

Analysis of Liver A1AT Protein Aggregates

For separation of soluble and insoluble A1AT protein, 10
mg of whole liver was placed in a buffer consisting of 50
mmol/LL Tris HC1 (pH 8.0), 150 mmol/l. KCl, 5 mmol/LL
MgCl,, 0.5% Triton X-100, and 80 ul. Complete® protease
inhibitor stock. The liver tissue was homogenized in a pre-
chilled Dounce homogenizer with 30 repetitions and then the
suspension was vortexed vigorously. A 1-mL aliquot of the
suspension was passed through a 28-gauge needle 10 times to
further homogenize the tissue. The total protein concentration
of'the aliquot was determined. A 5 pgliver sample aliquot was
centrifuged at 10,000 g for 30 min at 4° C. The supernatant
containing the soluble AI1AT fraction was immediately
removed into a fresh tube with extreme care being taken to
avoid disturbing the cell pellet, or non-soluble fraction. The
cell pellet containing the insoluble polymer of A1AT protein
was denatured and solubilized by addition of 10 uLlL of chilled
cell lysis buffer (1% Triton X-100, 0.05% deoxycholate and
10 mmol/L. EDTA in PBS), vortexing for 30 sec, sonication
on ice for 10 min and further vortexing. Both the soluble
A1AT fraction and the solubilized A1AT polymer fraction
were boiled in 2.5x sample buffer (5% sodium dodecyle
sulfate, 50% glycerol, 0.5 mol/LL Tris[pH 6.8], 10% beta-
mercaptoethanol, 40% double distilled water). The samples
were then loaded on an SDS-PAGE. Western analysis was
subsequently conducted using goat anti-human alpha-1 antit-
rypsin Nephelometric serum (DiaSorin Inc, Cat#80502). The
bands of the Western blot were quantified using a densitom-
eter and analyzed using Imagel software. The data indicated
that both soluble and insoluble A1AT protein fractions were
reduced after treatment with ISIS 496407. Table 35 presents
the results for the A1 AT polymer fraction, expressed in arbi-
trary units.

TABLE 35

Human A1AT monomer and polymer levels

Weeks of Treatment

treatment groups Monomer Polymer

4 PBS 238 2213
ISIS 487660 26 1327

8 PBS 675 2598
ISIS 487660 106 1517

12 PBS 159 2317
ISIS 487660 45 1124

Example 16

Effect of Antisense Inhibition of A1AT in Preventing
the Onset of A1AT Deficiency Liver Disease in PiZ
Mice

The effect of inhibition of A1AT mRNA expression with
antisense oligonucleotides on preventing the onset of A1AT
deficiency liver disease was examined in PiZ mice.
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Treatment

Male and female PiZ mice, 2 weeks in age, were randomly
divided into treatment groups of 4 mice each. One group was
injected with 25 mg/kg of ISIS 487660 (SEQ ID NO: 38),
administered subcutaneously twice a week for 8 weeks (50
mg/kg/week). Another group was injected with PBS, admin-
istered subcutaneously twice a week for 8 weeks. Two mice
were kept in a separate group and served to establish baseline
values or measurements of various parameters pre-dose. Two
PiZ mice with no treatment administered were included to
provide baseline measurements. At the end of each treatment
period, the mice were euthanized with isoflurane followed by
cervical dislocation. Liver tissue was collected and processed
for further analysis.
RNA analysis

RNA isolation was performed using the Invitrogen
PureLink™ Total RNA Purification Kit, according to the
manufacturer’s protocol. RT-PCR was performed and A1AT
RNA expression was measured using primer probe set
RTS3320 and normalized to RIBOGREEN®.
A1AT mRNA expression was assessed in the liver. A1AT
mRNA expression in mice treated with ISIS 487660 was
inhibited by 71% compared to the control group in all treat-
ment groups.
Protein Analysis

Plasma levels of A1AT were measured once every two
weeks using a clinical analyzer and Diasorin antibody to
A1AT protein. Results are presented as percent inhibition of
A1AT, relative to the values taken pre-dose. As shown in
Table 36, treatment with ISIS 487660 reduced A1 AT plasma
levels.

TABLE 36

Percent inhibition in human A1AT plasma levels relative to

baseline values
Week % inhibition
2 40
4 40
6 50
8 40

Quantification of A1AT Globules in the Liver

Hepatocytes were stained with PAS. Analysis was per-
formed on a total tissue are of 2,250,000 um? using Spectrum
software system (Aperio, Calif.). Hepatocytes were stained
with Periodic acid-Schiff stain after diastase treatment of the
liver sections.

The average diameters of the globules in each treatment
group were measured and are presented in Table 37. The total
globule area in all the groups was calculated and is presented
in Table 38. The results indicate that treatment with ISIS
487660 prevented globule formation in hepatocytes in all
treatment groups.

TABLE 37

Average globule diameter (UM) in PiZ mice

Mouse Treatment

gender groups Diameter

Both Baseline 0.23

Male PBS 2.1
ISIS 487660 0.1

Female PBS 23
ISIS 487660 0.1
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TABLE 38

Total globule area (wm?) in PiZ mice

Mouse Treatment

gender groups Area

Both Baseline 31,856

Male PBS 63,531
ISIS 487660 33,053

Female PBS 155,564
ISIS 487660 26,084

Analysis of Liver A1AT Protein Aggregates

For separation of soluble and insoluble A1AT protein, 10
mg of whole liver was placed in a buffer consisting of 50
mmol/LL Tris HC1 (pH 8.0), 150 mmol/l. KCl, 5 mmol/LL
MgCl,, 0.5% Triton X-100, and 80 pL Complete® protease
inhibitor stock. The liver tissue was homogenized in a pre-
chilled Dounce homogenizer with 30 repetitions and then the
suspension was vortexed vigorously. A 1-mL aliquot of the
suspension was passed through a 28-gauge needle 10 times to
further homogenize the tissue. The total protein concentration
of'the aliquot was determined. A 5 pgliver sample aliquot was
centrifuged at 10,000 g for 30 min at 4° C. The supernatant
containing the soluble AI1AT fraction was immediately
removed into a fresh tube with extreme care being taken to
avoid disturbing the cell pellet, or non-soluble fraction. The
cell pellet containing the insoluble polymer of A1AT protein
was denatured and solubilized by addition of 10 uLlL of chilled
cell lysis buffer (1% Triton X-100, 0.05% deoxycholate and
10 mmol/L. EDTA in PBS), vortexing for 30 sec, sonication
on ice for 10 min and further vortexing. Both the soluble
A1AT fraction and the solubilized A1AT polymer fraction
were boiled in 2.5x sample buffer (5% sodium dodecyle
sulfate, 50% glycerol, 0.5 mol/LL Tris[pH 6.8], 10% beta-
mercaptoethanol, 40% double distilled water). The samples
were then loaded on an SDS-PAGE. Western analysis was
subsequently conducted using goat anti-human alpha-1 antit-
rypsin Nephelometric serum (DiaSorin Inc, Cat#80502). The
bands of the Western blot were quantified using a densitom-
eter and analyzed using Imagel software. The data indicated
that treatment with ISIS 487660 prevented formation of
A1AT protein aggregates in PiZ mice when administered at 2
weeks of age.

Example 17

Effect of Antisense Inhibition of A1AT on Liver
Fibrosis in the PiZZ Mice Model

PiZ7Z mice contain the mutant piZ variant of the human
A1AT gene. The mice have accumulation of the mutant
human protein in the hepatocytes, similar to that in human
patients, causing liver necrosis and inflammation (Carlson, J.
A. et al., J. Clin. Invest. 1989. 83: 1183-90). The effect of
inhibition of A1AT mRNA expression in ameliorating liver
fibrosis was examined in PiZZ mice.

Study 1
Treatment

Eight week old PiZZ mice were randomly divided into
treatment groups of 5 mice each. A group of mice was injected
with 50 mg/kg/week of ISIS 496407, administered subcuta-
neously for 8 weeks. Another group of mice was injected with
PBS, administered subcutaneously for 8 weeks. At the end of
each treatment period, the mice were euthanized with isoflu-
rane followed by cervical dislocation. Liver tissue and plasma
was collected and processed for further analysis.
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A1AT mRNA Analysis

RNA isolation from liver tissue was performed using the
Invitrogen PureLink™ Total RNA Purification Kit, according
to the manufacturer’s protocol. RT-PCR was performed and
A1AT RNA expression was measured using primer probe set
RTS3320 and normalized to RIBOGREEN®. Hepatic A1AT
levels were reduced by 91% in mice treated with ISIS 496407
compared to the PBS control.

Analysis of Liver Fibrosis Markers

Increased levels of TIMP1 play an important role in the
pathogenesis of liver fibrosis (Arthur, M. J. et al., J. Gastro-
enterol. Hepatol. 1998. 13: S33-8). RNA analysis of TIMP-1
levels was conducted using the primer probe set mTim-
plLLTS00190 (forward sequence TCATGGAAAGCCTCT-
GTGGAT, designated herein as SEQ ID NO: 57; reverse
sequence GCGGCCCGTGATGAGA, designated herein as
SEQ ID NO: 58; probe sequence CCCACAAGTCCCA-
GAACCGCAGTG, designated herein as SEQ ID NO: 59). A
decrease in TIMP1 levels may lead to a decrease in fibrosis of
an organ or tissue. TIMP1 levels can be used as a marker for
fibrosis in an organ or tissue. TIMP1 levels were decreased by
82% in mice treated with ISIS 496407.

In addition, analysis of liver damage was conducted by
histochemical staining. Fibrosis deposition was assessed by
Sirius Red staining and quantification of the stain intensity
and area. Liver sections from mice treated with ISIS 496407
demonstrated a decrease in staining by 76% (0.20 in arbitrary
units vs. 0.83 of the PBS control) compared to staining of
section of the PBS control.

The results indicate that treatment with ISIS 496407
resulted in decreased liver TIMP1 levels and decreased stain-
ing of the liver with Sirius Red. Hence, antisense inhibition of
A1AT resulted in decreased fibrosis in this mice model.
Plasma Chemistry

To evaluate the effect of ISIS oligonucleotides on liver and
kidney function, plasma levels of transaminases were mea-
sured using an automated clinical chemistry analyzer (Hita-
chi Olympus AU400e, Melville, N.Y.). Plasma levels of ALT
(alanine transaminase) and AST (aspartate transaminase)
were measured at the time of sacrifice, and the results are
presented in Tables 39 and 40 in IU/L.

Mice treated with ISIS 496407 decreased transaminase
levels compared to the control, which demonstrated increased
levels of both ALT and AST with time. The decrease in
transaminase levels indicate a prevention of organ damage, a
decrease in organ damage and/or an improvement in organ
function in the oligonucleotide treated mice.

TABLE 39
ALT levels (IU/L) of PiZZ mice
Baseline ~ Week 2 Week 4 Week 6 Week 8
PBS 57 73 172 153 101
ISIS 496407 39 64 71 64 59
TABLE 40
AST levels (IU/L) of PiZZ mice
Baseline ~ Week 2 Week 4 Week 6 Week 8
PBS 95 119 234 166 134
ISIS 496407 101 83 90 86 84
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Study 2
Treatment

Five week old PiZZ mice were randomly divided into
treatment groups of 6 mice each. A group of mice was injected
with 50 mg/kg/week of ISIS 487660, administered subcuta-
neously for 8 weeks, then 25 mg/kg/week for three weeks.
Another group of mice was injected with PBS, administered
subcutaneously for 11 weeks. At the end of each treatment
period, the mice were euthanized with isoflurane followed by
cervical dislocation. Liver tissue and plasma was collected
and processed for further analysis.

Analysis of Liver Fibrosis Markers

The expression of various genes can be used as markers for
fibrosis formation in an organ or tissue. Expression of the
following fibrosis markers in the liver were analyzed: col-
lagen type 1, alpha 1; collagen type IV; collagen type III,
alpha 1 (Du, W. D. et al., World Gastroenterol. 1999. 5:
397-403); MMP12; MMP13; and TIMP1 (Arthur, M. J. Am.
J. Physiol. 2000. 279: G245-(G249). The results are presented
in Table 41. A decrease in the expression of one or more of
these fibrosis markers may be correlative and/or causative of
a decrease in fibrosis of an organ or tissue.

TABLE 41

Inhibition of levels of fibrosis markers in PiZZ mice

% inhibition
Collagen type 1, alpha 1 75
Collagen type III, alpha 1 57
Collagen type IV 21
MMP12 0
MMP13 31
TIMP1 67

In addition, analysis of liver damage was conducted by
histochemical staining. Fibrosis deposition was assessed by
Sirius Red staining and quantification of the stain intensity
and area. Liver sections from mice treated with ISIS 487660
demonstrated a decrease in staining by 69% (0.83 in arbitrary
units vs. 2.65 of the PBS control) compared to staining of
section of the PBS control. Levels of alpha-smooth muscle
actin (SMA), a myofibroblast marker (Hinz, B. et al., Am. J.
Pathol. 2001. 159: 1009-1020), were also assessed. SMA
levels were measured in both groups. Liver sections from
mice treated with ISIS 487660 demonstrated a decrease in
levels by 40% (0.83 in arbitrary units vs. 1.38 of the PBS
control) compared to levels in the sections of the PBS control.

The results indicate that treatment with an A1AT oligo-
nucleotide, ISIS 487660, inhibited A1AT expression leading
to a decrease in liver fibrosis as indicated by histochemical
staining and the decrease of multiple liver fibrosis markers.

Plasma Chemistry

To evaluate the effect of ISIS oligonucleotides on liver and
kidney function, plasma levels of transaminases were mea-
sured using an automated clinical chemistry analyzer (Hita-
chi Olympus AU400e, Melville, N.Y.). Plasma levels of ALT,
and AST were measured at the time of sacrifice, and the
results are presented in Tables 42 and 43 in TU/L.

Mice treated with ISIS 487660 decreased liver chemistry
marker levels compared to the control with time. The
decrease in transaminase levels indicate a prevention of organ
damage, a decrease in organ damage and/or an improvement
in organ function in the oligonucleotide treated mice.
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TABLE 42

ALT levels (IU/L) of PiZZ mice

Day 1 Day 15 Day 35 Day 56 Day 77
PBS 67 56 74 146 78
ISIS 487660 73 34 42 48 58
TABLE 43
AST levels (IU/L) of PiZZ mice
Day 1 Day 15 Day 35 Day 56 Day 77
PBS 102 105 128 188 106
ISIS 487660 98 56 64 67 69
Example 18

Effect of Antisense Inhibition of A1AT on Reversal
of Aggregate Formation in the PiZ Mice Model

The effect of inhibition of A1AT mRNA expression with
antisense oligonucleotides on reversing A1 AT aggregate for-
mation was examined in PiZ mice. PiZ mice, at 16 weeks of
age, were monitored for 20 weeks for the effect of antisense
inhibition in reversing aggregate formation.

Treatment

Male PiZ mice, 16 weeks in age, were randomly divided
into treatment groups of 4 mice each. One group was injected
with 25 mg/kg of ISIS 487660 (SEQ ID NO: 38), adminis-
tered subcutaneously twice a week for 20 weeks (50 mg/kg/
week). Another group was injected with PBS, administered
subcutaneously twice a week for 20 weeks. At the end of each
treatment period, the mice were euthanized. Liver tissue was
collected and processed for further analysis.

Protein Analysis

PiZ mouse livers were homogenized and the soluble and
insoluble human A1AT fractions were separated. Both frac-
tions were separated on sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis (SDS-PAGE); equal amounts of
total liver protein were loaded per soluble-insoluble pair in
quantitative experiments. A1 AT protein was detected by a
polyclonal antibodies against human A1AT purchased from
DiaSorin, Inc. (Stillwater, Minn.) and the secondary antibody
was HRP-conjugated rabbit anti-goat antibody (Jackson
ImmunoResearch). Western blot was quantitated with
ImageQuant. Results are presented as percent inhibition of
A1AT, relative to the values taken pre-dose at 16 weeks (base-
line). As shown in Table 1, treatment with ISIS 487660
reversed insoluble A1AT protein accumulation in the liver
compared to the PBS control in older mice.

TABLE 44

Percentage of human A1AT liver protein levels relative to baseline values

Levels of soluble Levels of

AlAT insoluble AIAT
PBS 58 107
ISIS 487660 10 65

Analysis of Liver A1AT Protein Aggregates

Histochemical staining for total A1 AT protein and Periodic
acid-Schiff with diastase treatment stain (PAS-D, for A1AT
aggregates) of 16-week mice (the age of the mice at the start
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of'the study, which is taken as baseline), PBS control-treated
mice, and ISIS 487660 treated-mice was performed. Liver
sections from mice treated with ISIS 487660 enhibited
decreased staining of total A1AT, compared to compared to
PBS control and baseline. Liver sections were also stained

86

with PAS-D. Positive PAS-D staining in periportal hepato-
cytes indicate A1 AT accumulation in the liver, which is asso-
ciated with the A1 AT deficiency disorder. Sections from mice
treated with ISIS 487660 exhibited decreased staining of
PAS-D compared to PBS control and baseline.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 59

<210> SEQ ID NO 1

<211> LENGTH: 3220

<212> TYPE: DNA

<213> ORGANISM: Homo sapien

<400> SEQUENCE: 1

acaatgactc cttteggtaa gtgcagtgga agetgtacac tgcccaggca aagcegtcecegg 60
gcagcegtagg cgggcgactce agatcccage cagtggactt ageccetgtt tgetecteeg 120
ataactgggyg tgaccttggt taatattcac cagcagcectce cccegttgec cctetggate 180
cactgcttaa atacggacga ggacagggcece ctgtctecte agettcagge accaccactg 240
acctgggaca gtgaatcgac aatgcegtcet tctgtctegt ggggcatect cctgetggea 300
ggcctgtget gectggtece tgtetecctyg getgaggate cecagggaga tgctgeccag 360
aagacagata catcccacca tgatcaggat cacccaacct tcaacaagat cacccccaac 420
ctggetgagt tegecttcag cctatacege cagetggcac accagtccaa cagcaccaat 480
atcttettet cecccagtgag categetaca gectttgcaa tgctctceect ggggaccaag 540
gctgacacte acgatgaaat cctggaggge ctgaatttca acctcacgga gattccggag 600
gctcagatcee atgaaggett ccaggaactce ctecgtaccee tcaaccagece agacagecag 660
cteccagetga ccaccggcaa tggectgtte ctcagegagg gectgaaget agtggataag 720
tttttggagyg atgttaaaaa gttgtaccac tcagaagcct tcactgtcaa cttceggggac 780
accgaagagyg ccaagaaaca gatcaacgat tacgtggaga agggtactca agggaaaatt 840
gtggatttgg tcaaggagct tgacagagac acagtttttg ctctggtgaa ttacatctte 900
tttaaaggca aatgggagag accctttgaa gtcaaggaca ccgaggaaga ggacttccac 960

gtggaccagg tgaccaccgt gaaggtgcct atgatgaagc gtttaggcat gtttaacatc 1020

cagcactgta agaagctgtc cagctgggtg ctgctgatga aatacctggg caatgccacce 1080

gccatcttet tectgectga tgaggggaaa ctacagcacce tggaaaatga actcacccac 1140

gatatcatca ccaagttcct ggaaaatgaa gacagaaggt ctgccagctt acatttaccce 1200

aaactgtcca ttactggaac ctatgatctg aagagcgtcc tgggtcaact gggcatcact 1260

aaggtcttca gcaatggggc tgacctctecce ggggtcacag aggaggcacce cctgaagcte 1320

tccaaggecg tgcataaggce tgtgctgacce atcgacgaga aagggactga agctgctggg 1380

gccatgtttt tagaggccat acccatgtct atccccececg aggtcaagtt caacaaaccce 1440

tttgtcttcet taatgattga acaaaatacc aagtctcccce tcttcatggg aaaagtggtg 1500

aatcccaccce aaaaataact gecctcectceget cctcaacccce tcecectcecat ceccectggecce 1560

ctcectggat gacattaaag aagggttgag ctggtccctg cctgcatgtg actgtaaatce 1620

ccteccatgt tttetcectgag teteectttg cetgctgagg ctgtatgtgg getccaggta 1680

acagtgctgt cttecgggccce cctgaactgt gttcatggag catctggetg ggtaggcaca 1740

tgctgggett gaatccaggg gggactgaat cctcagectta cggacctggg cccatctgtt 1800

tctggagggce tccagtcette cttgtectgt cttggagtcecce ccaagaagga atcacagggg 1860
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aggaaccaga taccagccat gaccccaggc tccaccaagce atcttcatgt ccccectgete 1920
atcccceccact cecccecccace cagagttgcet catcecctgeca gggctggcectg tgcccaccce 1980
aaggctgeccce tectgggggce cccagaactg cctgatcegtg cecgtggcecca gttttgtgge 2040
atctgcagca acacaagaga gaggacaatg tcctectett gacccgcectgt cacctaacca 2100
gactcgggece ctgcacctcet caggcacttc tggaaaatga ctgaggcaga ttcttcectga 2160
agcccattcet ccatggggca acaaggacac ctattctgte cttgtcecctte catcgctgece 2220
ccagaaagcc tcacatatct ccgtttagaa tcaggtcect tcetcecccaga tgaagaggag 2280
ggtctctget ttgttttcte tatctectece tcagacttga ccaggcccag caggcccecag 2340
aagaccatta ccctatatcc cttctectcee ctagtcacat ggccatagge ctgctgatgg 2400
ctcaggaagg ccattgcaag gactcctcag ctatgggaga ggaagcacat cacccattga 2460
cceccgecaac cecteccttt ccectectetga gteccgactg gggccacatg cagectgact 2520
tctttgtgee tgttgctgte cctgcagtct tcagagggcce accgcagctce cagtgccacg 2580
gcaggaggct gttecctgaat agcccctgtg gtaagggcca ggagagtcect tccatcctcece 2640
aaggccctge taaaggacac agcagccagg aagtcccectyg ggeccctage tgaaggacag 2700
cctgctecct cegtetctac caggaatgge cttgtcecctat ggaaggcact gccccatcce 2760
aaactaatct aggaatcact gtctaaccac tcactgtcat gaatgtgtac ttaaaggatg 2820
aggttgagtc ataccaaata gtgatttcga tagttcaaaa tggtgaaatt agcaattcta 2880
catgattcag tctaatcaat ggataccgac tgtttcccac acaagtctcecce tgttctetta 2940
agcttactca ctgacagcct ttcactctce acaaatacat taaagatatg gccatcacca 3000
agccccectag gatgacacca gacctgagag tctgaagacce tggatccaag ttcectgacttt 3060
tcecectgac agectgtgtga ccttegtgaa gtegccaaac ctctectgage cccagtcatt 3120
gctagtaaga cctgectttg agttggtatg atgttcaagt tagataacaa aatgtttata 3180
cccattagaa cagagaataa atagaactac atttcttgca 3220
<210> SEQ ID NO 2
<211> LENGTH: 20000
<212> TYPE: DNA
<213> ORGANISM: Homo sapien
<400> SEQUENCE: 2
tatctaagce acccacgcag ggcatgtatt tctgaataat aagccctcaa gtcctgetgg 60
gtecteccata gtecccacge aagggtgagt cttgcacget cagccctgec tgtggttecce 120
agaaggccte tgtcactgceg tgcttgettt ctetcccagg gaagatacce cagtgecatg 180
tcttggggca agagaaaatg aagacagacc tggaacatga acatggtgge cttgccagaa 240
agcaagtgtg tgttgctgaa acatcagcag agattgtcaa agggataaag agataactta 300
aaagggttce tattgaccaa aatgcgacaa gttgaccatc taaaatcaaa tcataattat 360
agttcaatag gacacattga gtctcttaaa agcttccaat ccgtaatgac catcaaggcce 420
cataacctca aaagagtaaa gttaaaataa agttcagaaa aggttagctyg caataaaaca 480
tgagttttag taattttaac aagaagggga tgaagctata gatgcatttt tattccttct 540
tttaactatg ttgcccctta taatgtatag ctttgcctta tttttectcectg tetgagtaag 600
gataaagagt aaaggccagg cacagtggct cacacctgta attccagcac tttgggagge 660
cgaggcggge agataacttg aggccaggag tttgagacca gectggccaa catggtgaaa 720
ccctgtcact actaaaaata caaaaattaa ctggaattgg tagcacatgce ctgtaatgcece 780
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agctactctyg gaggctgagg cacgagaatc getcgtaatt ccagaatteg agaggtggag 840
tttgcagtaa gccaagattg cgccactgta ctccagectyg ggtgactgag tgagactcetg 900
tctcaaaaaa aaaaaaaaaa agaagaagct gtgagtagge cacatagttc cagaaaatgce 960
agaaatccce cctecectece ccaacacaca ggaagtgget caggagatta cacacagaag 1020
gaaagtgtgt ctgctggggt tttgcaagtt ggctaatttg aaaggtgact ggaggaggtyg 1080
aaaaaatggt gcaaacttca ttcattcatt aaatgagtta taagaagaca gacacaagtg 1140
tccattatge taacagagct ctgtgttaaa caccccacca gcatcgcecte atctaagect 1200
cagaagagct atgtgggaaa gaaactttta tcecctatttt atagatgagg aaaccaaggc 1260
tcagagaact gagggcctcce cccggatcca agtccaccta getgcagtca ccccacatce 1320
tctgcatgte acaggtgctc agaaagatgc tgaaggcacc tggcccttceca ccttcecggaaa 1380
gccaaaatga gcacggccce taaagagggg attgacagec ttttcectggaa aaaatggaag 1440
tttgaatctg aggaggtgtc cctcaacaac aggtgctgct ccccaaatct ggggccaaac 1500
gcagcagttyg ttcccccact tagaccectg agacccatcet atatggtttt tcagagcecag 1560
gacacatccce caaaggtcat ggecctttggt ggttagcatt gacttggggce ccatcacatg 1620
ccagaggctg cccgaagtgce ttaaatgtta ttatctcatt cgatcttcac agtcctgatg 1680
gaagtgactc ttcttagagt cttecctatct cacagatgag gaaaccgagg cacagagagg 1740
ttaagtggct tgtctaagag ctcacaaaaa gagcgatgga gctaaggctt ggccccagat 1800
attagatccc gaacccacgce cttaaccagt gacctgcact gactctcaaa gaaggaagct 1860
ggtgcctggg aaggagggtg catagtgagg gtgtgcatgg ggtgtgtgtg tttgtggggt 1920
ggccagcact ctcecgggggce actttgccaa tgagttcage tceccatgaag tccactgttg 1980
ttctectgac cagccactca gtcecttgattt acttggecca gggccactgg cacacctcac 2040
ccecttacce gattecttge tgcagaccce aaatctcgac tcetcacatce ctatccagece 2100
cataccacga ggctcccatce tccaggecagg gecctgtggt ggggcaggge ctceccccaga 2160
tgccecttac tcatgaccag ctcacaggat cttcecccatga tgcatttcect ctggggggat 2220
cagcccagat gectgcaatag acaattgtgg aagtaaccag gtggacaaga ctttcccect 2280
catgtccetgg ggttectggg ggcacagtat ccttgtgaat ggccactgag tactcccacce 2340
cctceccacca caaccccecegg gattttgtcee tggtgegttt ttccagatta tectageccect 2400
tccteccagg atggatgtcece agagcaggge gggggctgag cctagagcecce tgccaaaaga 2460
gcaggaccec aaattctgag ccecttactt gectcacctg cteccaccca tgctttette 2520
attcctecte caaaagcccec agctccccac tgcaatcect tectgcaccca gecaggtect 2580
atgacacaca cctccccagt gcacacagac ctgeccaact gtggggetge ccactgggca 2640
tttcataggt ggctcagtcecce tettcectcet gcagetggece ccagaaacct gecagttatt 2700
ggtgccaggt ctgtgccagg agggcgaggce ctgtcatttce tagtaatcct ctgggcagtg 2760
tgactgtacc tcttgcggca actcaaaggg agagggtgac ttgtcccggg tcacagagcet 2820
gaaagggcag dgtacaacagg tgacatgccg ggctgtctga gtttatgagg gcccagtett 2880
gtgtctgeeg ggcaatgage aaggctcctt cctgtccaag cteccccegecce cteecccagec 2940
tactgcctece acccgaagte tacttcectgg gtgggcagga actgggcact gtgcccaggg 3000
catgcactge ctccacgcag caaccctcag agtcctgage tgaaccaaga aggaggaggg 3060
ggtcgggect ccgaggaagg cctagcceget gectgctgcca ggaattccag gttggagggyg 3120
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cggcaacctce ctgccagect tcaggccact ctectgtgece tgccagaaga gacagagcett 3180
gaggagagct tgaggagagc aggaaaggtg ggacattgcet gcectgctgectce actcagttcece 3240
acaggtggga gggacagcag ggcttagagt gggggtcatt gtgcagatgyg gaaaacaaag 3300
geecagagag gggaagaaat gcccaggagce taccgaggge aggcgacctc aaccacagec 3360
cagtgctgga gctgtgagtyg gatgtagagc agcggaatat ccattcagcce agctcagggg 3420
aaggacaggg gccctgaage caggggatgg agetgcaggg aagggagctce agagagaagg 3480
ggaggggagt ctgagctcag tttecccgetg cctgaaagga gggtggtacce tactccctte 3540
acagggtaac tgaatgagag actgcctgga ggaaagctct tcaagtgtgg cccaccccac 3600
cccagtgaca ccagecectg acacggggga gggagggcag catcaggagyg ggctttetgg 3660
gcacacccag tacccgtcte tgagcectttcecce ttgaactgtt gcattttaat cctcacagceca 3720
gctcaacaag gtacataccg tcaccatccce cattttacag atagggaaat tgaggctcegg 3780
agcggttaaa caactcacct gaggcctcac agccagtaag tgggttccct ggtctgaatg 3840
tgtgtgcetgg aggatcctgt gggtcactcg cctggtagag ccccaaggtg gaggcataaa 3900
tgggactggt gaatgacaga aggggcaaaa atgcactcat ccattcactc tgcaagtatc 3960
tacggcacgt acgccagctce ccaagcaggt ttgcgggttg cacagcgggce gatgcaatct 4020
gatttaggct tttaaaggga ttgcaatcaa gtggggcccec actagcctca accctgtacce 4080
tcecectecee tccaccecca gecagtcteca aaggectceca acaaccccag agtgggggece 4140
atgtatccaa agaaactcca agctgtatac ggatcacact ggttttccag gagcaaaaac 4200
agaaacaggc ctgaggctgg tcaaaattga acctcctect getctgagca gectgggggg 4260
cagactaagc agagggctgt gcagacccac ataaagagcc tactgtgtgce caggcacttce 4320
acccgaggca cttcacaagce atgcttggga atgaaacttc caactctttg ggatgcaggt 4380
gaaacagttc ctggttcaga gaggtgaagc ggcctgcctg aggcagcaca gctettettt 4440
acagatgtgc ttccccacct ctaccctgte tcacggecce ccatgeccage ctgacggttg 4500
tgtctgecte agtcatgcte catttttcca tcgggaccat caagagggtg tttgtgtcta 4560
aggctgactg ggtaactttg gatgagcggt ctctceccgete tgagecctgtt tectcatctg 4620
tcaaatgggc tctaacccac tcectgatctcee cagggcggca gtaagtcttce agcatcaggce 4680
attttggggt gactcagtaa atggtagatc ttgctaccag tggaacagcc actaaggatt 4740
ctgcagtgag agcagagggc cagctaagtg gtactctcecc agagactgtce tgactcacgce 4800
cacccectee accttggaca caggacgctg tggtttetga geccaggtaca atgactcectt 4860
tcggtaagtyg cagtggaagce tgtacactge ccaggcaaag cgtcecgggcea gcegtaggcegg 4920
gcgactcaga tcccageccag tggacttage ccecctgtttge tectceccgata actggggtga 4980
ccttggttaa tattcaccag cagccteccce cgttgccect ctggatccac tgcttaaata 5040
cggacgagga cagggcecctg tctectecage ttcaggcace accactgacce tgggacagtg 5100
aatcgtaagt atgcctttca ctgcgagagg ttectggagag gecttctgage tecccatggce 5160
ccaggcaggce agcaggtctg gggcaggagg ggggttgtgg agtgggtatce cgcctgctga 5220
ggtgcagggc agatggagag gctgcagctg agctcecctatt ttcataataa cagcagccat 5280
gagggttgtg tcctgtttce cagtcecctgece cggtccecccee teggtacctce ctggtggata 5340
cactggttce tgtaagcaga agtggatgag ggtgtctagg tctgcagtcce tggcacccca 5400
ggatggggga caccagccaa gatacagcaa cagcaacaaa gcgcagccat ttcectttetgt 5460
ttgcacagct cctcetgtetg tegggggcte ctgtcectgttg tectectataa gectcaccac 5520
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ctctectact gettgggecat gcatctttcet ccecttetat agatgaggag gttaaggtcece 5580
agagaggggt ggggaggaac gccggctcac attctccate cectecagat atgaccagga 5640
acagacctgt gccaggcctce agecttacat caaaatgggce ctccccatge accgtggacce 5700
tctgggecct cectgtcecccag tggaggacag gaagctgtga ggggcactgt cacccagggce 5760
tcaagctggce attcctgaat aatcgctctg caccaggcca cggctaagcet cagtgcgtga 5820
ttaagcctca taaccctcecca aggcagttac tagtgtgatt cccattttac agatgaggaa 5880
gatggggaca gagaggtgaa taactggccc caaatcacac accatccata attcgggcetce 5940
aggcacctgg ctccagtccce caaactcecttg aacctggcecce tagtgtcact gtttctettg 6000
ggtctcagge gctggatggg gaacaggaaa cctgggctgg acttgaggcec tctetgatge 6060
tcggtgactt cagacagttg ctcaacctct ctgttctett gggcaaaaca tgataacctt 6120
tgacttectgt cccctceccect caccccacce gaccttgate tctgaagtgt tggaaggatt 6180
taatttttce tgcactgagt tttggagaca ggtcaaaaag atgaccaagg ccaaggtggc 6240
cagtttccta tagaacgcct ctaaaagacc tgcagcaata gcagcaagaa ctggtattcet 6300
cgagaacttg ctgcgcagca ggcacttctt ggcattttat gtgtatttaa tttcacaata 6360
gctctatgac aaagtccacce tttetcatct ccaggaaact gaggttcaga gaggttaagt 6420
aacttgtcca aggtcacaca gctaatagca agttgacgtg gagcaatctg gcctcagagce 6480
ctttaatttt agccacagac tgatgctcce ctecttcattt agccaggctg cctcectgaagt 6540
tttctgattc aagacttctg gcettcagett tgtacacaga gatgattcaa tgtcaggttt 6600
tggagtgaaa tctgtttaat cccagacaaa acatttagga ttacatctca gttttgtaag 6660
caagtagctc tgtgattttt agtgagttat ttaatgctct ttggggctca atttttctat 6720
ctataaaata gggctaataa tttgcacctt atagggtaag ctttgaggac agattagatg 6780
atacggtgcce tgtaaaacac caggtgttag taagtgtggc aatgatggtg acgctgaggce 6840
tgatgtttgce ttagcatagg gttaggcagc tggcaggcag taaacagttg gataatttaa 6900
tggaaaattt gccaaactca gatgctgttc actgctgagce aggagcccct tectgctgaa 6960
atggtcctgg ggagtgcagce aggctctccg ggaagaaatc taccatctcet cgggcaggag 7020
ctcaacctgt gtgcaggtac agggagggct tcctcacctg gtgcccacte atgcattacg 7080
tcagttattc ctcatccectg tccaaaggat tcttttetecce attgtacage tatgaagcta 7140
gtgctcaaag aagtgaagtc atttacccca ggcccectge cagtaagtga cagggcctgg 7200
tcacacttgg gtttatttat tgcccagttc aacaggttgt ttgaccatag gcgagattct 7260
cttcectgeca cectgeccggg ttgctettgg tceecttattt tatgectcecceg ggtagaaatg 7320
gtgtgagatt aggcagggag tggctcgctt ccctgtccet ggccccgcaa agagtgcetcece 7380
cacctgccce gatcccagaa atgtcaccat gaagccttca ttcettttggt ttaaagettg 7440
gcctcagtgt ccgtacacca tggggtactt ggccagatgg cgactttcectce ctecteccagte 7500
gcccteccag gcactagett ttaggagtgce agggtgctge ctcectgataga agggccagga 7560
gagagcaggt tttggagtcc tgatgttata aggaacagct tgggaggcat aatgaaccca 7620
acatgatgct tgagaccaat gtcacagccc aattctgaca ttcatcatct gagatctgag 7680
gacacagctg tctcagttca tgatctgagt gctgggaaag ccaagacttg ttccagettt 7740
gtcactgact tgctgtatag cctcaacaag gccctgacce tcectcectggget tcaaactcett 7800
cactgtgaaa ggaggaaacc agagtaggtg atgtgacacc aggaaagatg gatgggtgtg 7860
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ggggaatgtg ctcctececcag ctgtcaccce ctcegeccacee tecctgcacce agectcteca 7920
cctectttga geccagaatt cceccctgtcecta ggagggcacce tgtctcatge ctagcecatgg 7980
gaattctecca tetgttttge tacattgaac ccagatgcca ttctaaccaa gaatcctgge 8040
tgggtgcagg ggctctcgece tgtaacccca gcactttggg aggccaaggce aggcggatca 8100
agaggtcagg agttcaagac ctgcctggcce aacacggtga aacctcagct ctactaaaaa 8160
tacaaaaatt agccaggcgt ggtggcacac gcctgtaatc ccagctattt gggaagctga 8220
gacagaagaa tttcttgaac ccgggaggtg gaggtttcag tgagccgaga tcacgccact 8280
gcactccacce ctggcagata aagcgagact ctgtctcaaa aaaaacccaa aaacctatgt 8340
tagtgtacag agggccccag tgaagtctte tcccagecce actttgcaca actggggaga 8400
gtgaggccec aggaccagag gattcttget aaaggccaag tggatagtga tggccctgece 8460
agggctagaa gccacaacct ctggccctga ggccactcag catatttagt gtccccacce 8520
tgcagaggcce caactcccte ctgaccactg agccctgtaa tgatggggga atttccataa 8580
gccatgaagg actgcacaaa gttcagttgg gaagtgaaag agaaattaaa gggagatgga 8640
aatatacagc actaatttta gcaccgtctt tagttctaac aacactagct agctgaagaa 8700
aaatacaaac atgtattatg taatgtgtgg tctgttccat ttggattact tagaggcacg 8760
agggccagga gaaaggtggt ggagagaaac cagctttgca cttcatttgt tgctttattg 8820
gaaggaaact tttaaaagtc caagggggtt gaagaatctc aatatttgtt atttccaget 8880
ttttttetce agtttttcat ttcccaaatt caaggacacc tttttectttg tattttgtta 8940
agatgatggt tttggttttg tgactagtag ttaacaatgt ggctgccggg catattctcce 9000
tcagctagga cctcagtttt cccatctgtg aagacggcag gttctaccta gggggctgca 9060
ggctggtggt ccgaagecctg ggcatatctg gagtagaagg atcactgtgg ggcagggcag 9120
gttectgtgtt getgtggatg acgttgactt tgaccattgce tcggcagagce ctgctctege 9180
tggttcagcce acaggcccca ccactcecta ttgtctcage cccgggtatg aaacatgtat 9240
tcetcactgg cctatcacct gaagectttg aatttgcaac acctgccaac cectccectca 9300
aaagagttgc cctctcagat ccttttgatg taaggtttgg tgttgagact tatttcacta 9360
aattctcata cataaacatc actttatgta tgaggcaaaa tgaggaccag ggagatgaat 9420
gacttgtecct ggctcataca cctggaaagt gacagagtca gattagatcc caggtctatc 9480
tgaagttaaa agaggtgtct tttcacttcce cacctcctece atctacttta aagcagcaca 9540
aaccecctget ttcaaggaga gatgagegte tctaaagecce ctgacagcaa gagcccagaa 9600
ctgggacacc attagtgacc cagacggcag gtaagctgac tgcaggagca tcagcctatt 9660
cttgtgtectg ggaccacaga gcattgtggg gacagcccecg tcectcecttggga aaaaaaccct 9720
aagggctgag gatccttgtg agtgttgggt gggaacagct cccaggaggt ttaatcacag 9780
ccectecatg ctetectaget gttgccattg tgcaagatge atttcecectte tgtgcagecag 9840
tttcectgge cactaaatag tgggattaga tagaagccect ccaagggctt ccagettgac 9900
atgattcttg attctgatct ggcccgatte ctggataatc gtgggcaggce ccattcctcet 9960
tcttgtgect cattttctte ttttgtaaaa caatggctgt accatttgca tecttagggte 10020
attgcagatg taagtgttgc tgtccagagc ctgggtgcag gacctagatg taggattctg 10080
gttctgctac ttecctcagtg acattgaata gctgacctaa tcectectcetgge tttggtttet 10140
tcatctgtaa aagaaggata ttagcattag cacctcacgg gattgttaca agaaagcaat 10200
gaattaacac atgtgagcac ggagaacagt gcttggcata tggtaagcac tacgtacatt 10260



97

US 9,340,784 B2

98

-continued
ttgctattct tctgattett tcagtgttac tgatgtcgge aagtacttgg cacaggctgg 10320
tttaataatc cctaggcact tccacgtggt gtcaatcecct gatcactggg agtcatcatg 10380
tgccttgact cggggcctgg cccceccate tcetgtcecttge aggacaatge cgtcttetgt 10440
ctegtgggge atcctcectge tggcaggect gtgcectgectg gtcecectgtet cectggetga 10500
ggatccccag ggagatgctg cccagaagac agatacatcc caccatgatc aggatcaccce 10560
aaccttcaac aagatcaccc ccaacctggce tgagttcgcece ttcagectat accgeccaget 10620
ggcacaccag tccaacagca ccaatatctt cttctecccca gtgagcatcg ctacagectt 10680
tgcaatgctce tccctgggga ccaaggctga cactcacgat gaaatcctgg agggcectgaa 10740
tttcaacctc acggagattc cggaggctca gatccatgaa ggcttccagg aactcectccg 10800
taccctcaac cagccagaca gccagctcca gctgaccace ggcaatggcce tgttectcag 10860
cgagggcctg aagctagtgg ataagttttt ggaggatgtt aaaaagttgt accactcaga 10920
agccttcecact gtcaacttcg gggacaccga agaggccaag aaacagatca acgattacgt 10980
ggagaagggt actcaaggga aaattgtgga tttggtcaag gagcttgaca gagacacagt 11040
ttttgctctyg gtgaattaca tecttetttaa aggtaaggtt gctcaaccag cctgagetgt 11100
tcccatagaa acaagcaaaa atattctcaa accatcagtt cttgaactct ccttggcaat 11160
gcattatggg ccatagcaat gcttttcagce gtggattctt cagttttcta cacacaaaca 11220
ctaaaatgtt ttccatcatt gagtaatttg aggaaataat agattaaact gtcaaaacta 11280
ctgacagctc tgcagaactt ttcagagcct ttaatgtcecct tgtgtatact gtatatgtag 11340
aatatataat gcttagaact atagaacaaa ttgtaataca ctgcataaag ggatagtttc 11400
atggaacata ctttacacga ctctagtgtc ccagaatcag tatcagtttt gcaatctgaa 11460
agacctgggt tcaaatcctg cctctaacac aattagcttt tgacaaaaac aatgcattct 11520
acctctttga ggtgctaatt tcectcatctta gcatggacaa aataccattc ttgctgtcag 11580
gtttttttag gattaaacaa atgacaaaga ctgtggggat ggtgtgtggc atacagcagg 11640
tgatggactc ttctgtatct caggctgect tcctgccect gaggggttaa aatgccaggg 11700
tcetggggge cccagggcat tcectaagccag ctcecccactgt cccaggaaaa cagcataggg 11760
gaggggaggt gggaggcaag gccaggggct gcecttectceca ctectgaggcet cceccttgetet 11820
tgaggcaaag gagggcagtg gagagcagcc aggctgcagt cagcacagct aaagtcectgg 11880
ctetgetgtg gecttagtgg gggcccaggt ccctctecag ccccagtcete ctecttetgt 11940
ccaatgagaa agctgggatc aggggtccct gaggcccctg tccactcectge atgcctecgat 12000
ggtgaagcte tgttggtatg gcagagggga ggctgctcag gcatctgcat ttceccctgee 12060
aatctagagg atgaggaaag ctctcaggaa tagtaagcag aatgtttgcc ctggatgaat 12120
aactgagctg ccaattaaca aggggcaggg agccttagac agaaggtacc aaatatgcecct 12180
gatgctccaa cattttattt gtaatatcca agacaccctc aaataaacat atgattccaa 12240
taaaaatgca cagccacgat ggcatctctt agcctgacat cgccacgatg tagaaattct 12300
gcatcttect ctagttttga attatcccca cacaatcttt ttcggcaget tggatggtca 12360
gtttcagcac cttttacaga tgatgaagct gagcctcgag ggatgtgtgt cgtcaagggg 12420
gctcaggget tcectcagggag gggactcatg gtttectttat tctgctacac tcttccaaac 12480
cttcactcac ccctggtgat gecccacctte ccctctetee aggcaaatgg gagagaccct 12540
ttgaagtcaa ggacaccgag gaagaggact tccacgtgga ccaggtgacc accgtgaagg 12600
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tgcctatgat gaagcgttta ggcatgttta acatccagca ctgtaagaag ctgtccaget 12660
gggtgctgcet gatgaaatac ctgggcaatg ccaccgccat cttecttectg cctgatgagg 12720
ggaaactaca gcacctggaa aatgaactca cccacgatat catcaccaag ttcecctggaaa 12780
atgaagacag aaggtgattc cccaacctga gggtgaccaa gaagctgccce acacctctta 12840
gccatgttgg gactgaggcce catcaggact ggccagaggg ctgaggaggg tgaaccccac 12900
atccectgggt cactgctact ctgtataaac ttggcttcecca gaatgaggcce accactgagt 12960
tcaggcagcg ccatccatge tccatgagga ggacagtacce caggggtgag gaggtaaagg 13020
tctegtecect ggggacttece cactccagtg tggacactgt cectteccaa tatccagtge 13080
ccagggcagg gacagcagca ccaccacacg ttctggcaga accaaaaagg aacagatggg 13140
cttcctggca aaggcagcag tggagtgtgg agttcaaggg tagaatgtcce ctggggggac 13200
gggggaagag cctgtgtgge aaggcccaga aaagcaaggt tcggaattgg aacagccagg 13260
ccatgttcge agaaggcttg cgtttetcectg tcactttate ggtgectgtta gattgggtgt 13320
cctgtagtaa gtgatactta aacatgagcc acacattagt gtatgtgtgt gcattcegtga 13380
ttatgcccat geccctgctga tcectagttegt tttgtacact gtaaaaccaa gatgaaaata 13440
caaaaggtgt cgggttcata ataggaatcg aggctggaat ttctectgttc catgccagca 13500
cctectgagg tetcetgctee aggggttgag aaagaacaaa gaggctgaga gggtaacgga 13560
tcagagagcce cagagccaag ctgcccegcete acaccagacce ctgctcaggg tggcattgte 13620
tcecccatgga aaaccagaga ggagcactca gcctggtgtg gtcactctte tecttatccac 13680
taaacggttg tcactgggca ctgccaccag cccecgtgttt ctetgggtgt agggeccctgg 13740
ggatgttaca ggctgggggce caggtgaccc aacactacag ggcaagatga gacaggcttce 13800
caggacacct agaatatcag aggaggtggc atttcaagct tttgtgattc attcgatgtt 13860
aacattcttt gactcaatgt agaagagcta aaagtagaac aaaccaaagc cgagttccca 13920
tcttagtgtyg ggtggaggac acaggagtaa gtggcagaaa taatcagaaa agaaaacact 13980
tgcactgtgg tgggtcccag aagaacaaga ggaatgctgt gccatgcectt gaatttcettt 14040
tctgcacgac aggtctgcca gcecttacattt acccaaactg tccattactg gaacctatga 14100
tctgaagage gtcctgggtce aactgggcat cactaaggtce ttcagcaatg gggctgacct 14160
ctcecggggte acagaggagg cacccctgaa gctcectccaag gtgagatcac cctgacgacce 14220
ttgttgcacc ctggtatctg tagggaagaa tgtgtggggg ctgcagctct gtcctgagge 14280
tgaggaaggg gccgagggaa acaaatgaag acccaggctg agctcecctgaa gatgcccgtg 14340
attcactgac acgggacgtg gtcaaacagc aaagccaggce aggggactgce tgtgcagectg 14400
gcactttegg ggcctecectt gaggttgtgt cactgacccet gaatttcaac tttgcccaag 14460
accttctaga cattgggcct tgatttatcce atactgacac agaaaggttt gggctaagtt 14520
gtttcaaagg aatttctgac tccttcgatc tgtgagattt ggtgtctgaa ttaatgaatg 14580
atttcagcta aagatgacac ttattttgga aaactaaagg cgaccaatga acaactgcag 14640
ttccatgaat ggctgcatta tettggggte tgggcactgt gaaggtcact geccagggtcece 14700
gtgtcctcaa ggagcttcaa gccegtgtact agaaaggaga gagccctgga ggcagacgtg 14760
gagtgacgat gctcttccct gttetgagtt gtgggtgcac ctgagcaggg ggagaggcge 14820
ttgtcaggaa gatggacaga ggggagccag ccccatcage caaagcecttg aggaggagca 14880
aggcctatgt gacagggagg gagaggatgt gcagggccag ggccgtccag ggggagtgag 14940
cgcttectgg gaggtgteca cgtgagectt gctcgaggce tgggatcage cttacaacgt 15000
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gtctetgett ctetececte caggccgtge ataaggctgt gctgaccatc gacgagaaag 15060
ggactgaagc tgctggggcce atgtttttag aggccatacc catgtctatc cccecccgagg 15120
tcaagttcaa caaacccttt gtcttcecttaa tgattgaaca aaataccaag tctccecectet 15180
tcatgggaaa agtggtgaat cccacccaaa aataactgcce tctcegectcect caaccectcee 15240
ccteccateccee tggcccecte cctggatgac attaaagaag ggttgagcetg gtccectgect 15300
gcatgtgact gtaaatccct cccatgtttt ctctgagtet ccectttgect gctgaggcetg 15360
tatgtgggct ccaggtaaca gtgctgtctt cgggcccect gaactgtgtt catggagcat 15420
ctggctgggt aggcacatgce tgggcttgaa tccagggggg actgaatcct cagcttacgg 15480
acctgggccce atctgtttet ggagggctcece agtcecttectt gtectgtett ggagteccca 15540
agaaggaatc acaggggagg aaccagatac cagccatgac cccaggctcc accaagcatce 15600
ttcatgtcece cctgctcate cecccactcecee ccccacccag agttgetcat cctgecaggg 15660
ctggctgtge ccaccccaag getgcectee tgggggcecce agaactgcect gatcgtgeceg 15720
tggcccagtt ttgtggcatc tgcagcaaca caagagagag gacaatgtcc tecctettgac 15780
ccgctgtcac ctaaccagac tcgggcecctg cacctctcag gcacttcectgg aaaatgactg 15840
aggcagattc ttcctgaagce ccattctcca tggggcaaca aggacaccta ttctgtecctt 15900
gtcecttecat cgctgcccca gaaagcectca catatctceeg tttagaatca ggtceccttet 15960
cceccagatga agaggagggt ctcectgetttg ttttcectetat ctectectca gacttgacca 16020
ggcccagcag gccccagaag accattaccce tatatccctt ctectceeccta gtcacatgge 16080
cataggcctg ctgatggctce aggaaggcca ttgcaaggac tcctcagcta tgggagagga 16140
agcacatcac ccattgaccc ccgcaaccce tceccectttect cctetgagte ccgactgggg 16200
ccacatgcag cctgacttcect ttgtgectgt tgctgtcect gcagtcecttca gagggccacce 16260
gcagctccag tgccacggca ggaggctgtt cctgaatage ccctgtggta agggccagga 16320
gagtccttec atcctceccaag gcectgctaa aggacacagce agccaggaag tccectggge 16380
ccectagetga aggacagect getcecteceg tcetcectaccag gaatggectt gtectatgga 16440
aggcactgcce ccatcccaaa ctaatctagg aatcactgte taaccactca ctgtcatgaa 16500
tgtgtactta aaggatgagg ttgagtcata ccaaatagtg atttcgatag ttcaaaatgg 16560
tgaaattagc aattctacat gattcagtct aatcaatgga taccgactgt ttcccacaca 16620
agtcteetgt tectcttaage ttactcactg acagceccttte actctccaca aatacattaa 16680
agatatggcce atcaccaagc cccctaggat gacaccagac ctgagagtct gaagacctgg 16740
atccaagttc tgacttttecc cecctgacage tgtgtgacct tcgtgaagtc gccaaaccte 16800
tctgagecce agtcattget agtaagacct gcectttgagt tggtatgatg ttcaagttag 16860
ataacaaaat gtttataccc attagaacag agaataaata gaactacatt tcttgcactt 16920
atgagctttc tgtgaatcag acatccctat gaagtaccte ccctggetgt ttctcattta 16980
ctcactgtag cagcactgcg atgtgtgagt atatctgctg tgctcttaaa ctccaaatct 17040
gaggaaactg aggctcagag aggctactgg tctcccacaa tgtcacacag ctcataagtg 17100
gcaaagctgg cttgatgggce tacttgttcc tctgaaccat accacctcac cacactctce 17160
ccttcgaggg tcacgctaaa cttctgcaga ggtaattect ccttaaacca gaagggttge 17220
tggtggccca cagctcacgce ctagcacact tcatgagaaa aacaccctgt gecccagtgtg 17280

gagcaggcat tgagctgaag gtggtgagca gaagctcatc caccagatgt tgacacagcc 17340
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cgcagecttg ggcgacccac aggactcecte ttatttaact ggcatttggt aggagaacag 17400
gggcagagtc aaagacaagt tggctttctg gagagcccag ggcagggaag gaggtggcag 17460
cgctgagggce ggtcacctta gacaccatcg ttttactttg aagaattgtc tgtcacacac 17520
gagttgacag tcaggatggg agagacccca ttcaaactag cataacctcc cagagggaat 17580
tcetgggete cecctgggaat caacagggat cagtcaagga tgggcagagt gtcatgacaa 17640
cctcattatg aggaagacaa atatatgtca caagtccgtg atgggacaac cataagacct 17700
cagcttcact gtatcttcca gagttttaaa aaaatgtatt cactgtccaa cgtgatccte 17760
cagacaggtt ctgcaggacg cagcctagga ctcattatcce ccaaagtaca catggggaaa 17820
ctcaggccca gcaggtcaaa tgctctgtec agtgtgggce tggaaggcag gtcttcetcca 17880
ctgttaggcce tggctgtccecc caacagcaca tacttcctca gtccatatgg gatcacgata 17940
aacaactcca tcctceccagga ccacactgca tcaacctgct gtgccctaac atcagectgaa 18000
ggccaagcetyg cggggcacce tgggtgttcc aagtcacttt ccctctgcag gcaggaacct 18060
catcctgete tgaaacagat gagagggaaa cgcagaaaac agcttccage tcagccagga 18120
accttagagt cctgaccttt tacctcecgect aggagtttge aggggagaga acacacgaat 18180
ttcggatttt aagcctaaat aaaggaagcc ttagtttgaa gtgcaagctc tgccggacag 18240
ggggcaccct gtgagcccca tttgttaaga ggacaatagt cagagagctt ccaggctctce 18300
acaccagaaa caggaaatac agatttcaca ctgatctcct tcccaggage aacttgatcce 18360
tctccataaa tccgagcggg aagcatttat ccaaacaaca aacaagcaaa catgagctgt 18420
gtatggggga tagagagaat gaaacccagg tccatcccgg ggagaatgct ggtctatgge 18480
agtggggagc agtgaataaa tgaggcgtac atccatggat ctgggtggag agggtcaggg 18540
tgtaacccag gacctttcca gaggcatgag aaacagtcag cctacaccca cagatgacct 18600
caaacacccce aagtgctcecct tgaaaggctg aggcttttgt gttgctcecttg gttggattat 18660
tcacaggcaa tgaagtaaac aaggcacacc acaggactca gaaccaggga cagcttccge 18720
aggaacctgg gtcagttcta aaaggacaaa tggaatgacc ctgagtagag aagtcagaga 18780
aaggcactct cactgaggca aactccecctcece ccagcaggga cccaggcagce aactcggaaa 18840
agcaggagtg tcactattgt atcatatggg agagggcagg ctgtgtgctc tcagggaagt 18900
tcectcaactt ctetgtgeceg tagtttecte atctgcaaaa tgtaaatcaa atttgaggtt 18960
tcaatgcaat gacttatttc tctaaagttc cttgtccttg tcccatgtag cccagaaatce 19020
ttectetgge ctagttgtgg agectggect aagtcgcaca ttgctggaga tggtgaaget 19080
gaccagcatg agaggtcagt ttctagaagc ccaaatccca acaggcataa gcctcaccct 19140
ccaatatcag ctctatcaga aacaaacaaa caaaaacatg tcttattcat ttgtcetttt 19200
cctcaaatgg gtggcacttg ggcagggcag aagggctggt tatccaagect tggaagatgce 19260
tgacagcaga cgcttcaatg gcagtaggag ttttctgatc actgtcattg gtatcacget 19320
tactgttgaa atcgtgacat caggaatgat gaaaggaact agagtcagat ggtctggagce 19380
ggggaagtga ggagctgaaa cctecttcag tcectggttget gtgtccccag ggtgggtaga 19440
tceectetgt tcatcccaca tgggacaagt agagcgggag aggaatcaac cctttcectaaa 19500
gggttgaagc attgagctgt gagcecttcteg gttgctgcag cacaatcctt gcccatcctg 19560
actgaaacaa ccagaattca tgaaatgcat caaagaagtc ttcacctact acgcaagcct 19620
ggaagggtga ctaagatctg aaaaacaccg ggaaggctaa aggaactccc acaaggaaac 19680

cccattagaa agttctagtt acaagatgct cagcacaggce catgcagaaa tacgcccaga 19740
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tceggtggtyg agcaaggaac ggtaggaatg tgagcactga gtcacgcagg agagactcat 19800
aggggctcaa gccagcaagg ggacggcctce caccccacgce actgttggec aacagettcece 19860
aggggcattt gctctcagaa gtcaaagctg attttccaca attgaagtgce tcactgtttg 19920
ggatgattta ggaacaacac caacaaaaag gaatgaacaa tcagagctaa tagaattgtg 19980
tttaaactct gectgggctte 20000
<210> SEQ ID NO 3
<211> LENGTH: 52
<212> TYPE: DNA
<213> ORGANISM: Homo sapien
<400> SEQUENCE: 3
tgcataaggce tgtgctgacc atcgacaaga aagggactga agctgctggg ge 52
<210> SEQ ID NO 4
<211> LENGTH: 3199
<212> TYPE: DNA
<213> ORGANISM: Homo sapien
<400> SEQUENCE: 4
tgggcaggaa ctgggcactg tgcccaggge atgcactgece tccacgcage aaccctcaga 60
gtectgaget gaaccaagaa ggaggagggg gtegggecte cgaggaaggce ctagecgetg 120
ctgctgecag gaattccagg ttggagggge ggcaacctece tgccagectt caggecacte 180
tecetgtgect gcecagaagag acagagettg aggagagett gaggagagca ggaaaggaca 240
atgcegtett ctgtectegtyg gggcatecte ctgetggeag gectgtgetyg cctggtecct 300
gtetecctygyg ctgaggatce ccagggagat getgcccaga agacagatac atcccaccat 360
gatcaggatc acccaacctt caacaagatc acccccaacce tggctgagtt cgecttcage 420
ctataccgee agctggcaca ccagtccaac agcaccaata tcttettete cccagtgage 480
atcgctacag cctttgcaat getcteectg gggaccaagyg ctgacactca cgatgaaatce 540
ctggagggee tgaatttcaa cctcacggag attccggagyg ctcagatcca tgaaggette 600
caggaactce tccgtaccct caaccagceca gacagccage tccagctgac caccggcaat 660
ggectgttee tcagcgaggg cctgaagcta gtggataagt ttttggagga tgttaaaaag 720
ttgtaccact cagaagcctt cactgtcaac ttecggggaca ccgaagaggce caagaaacag 780
atcaacgatt acgtggagaa gggtactcaa gggaaaattyg tggatttggt caaggagcett 840
gacagagaca cagtttttge tctggtgaat tacatcttct ttaaaggcaa atgggagaga 900
ccetttgaag tcaaggacac cgaggaagag gacttccacyg tggaccaggt gaccaccgtg 960
aaggtgccta tgatgaagcg tttaggcatg tttaacatcc agcactgtaa gaagctgtcce 1020
agctgggtgce tgctgatgaa atacctgggce aatgccaccg ccatcttctt cectgectgat 1080
gaggggaaac tacagcacct ggaaaatgaa ctcacccacg atatcatcac caagttcctg 1140
gaaaatgaag acagaaggtc tgccagctta catttaccca aactgtccat tactggaacc 1200
tatgatctga agagcgtcct gggtcaactg ggcatcacta aggtcttcag caatggggct 1260
gacctcteeyg gggtcacaga ggaggcacce ctgaagetcet ccaaggecgt gcataagget 1320
gtgctgacca tcgacgagaa agggactgaa gctgctgggg ccatgttttt agaggccata 1380
cccatgtecta tecccecccecga ggtcaagtte aacaaaccct ttgtcttctt aatgattgaa 1440
caaaatacca agtctcceccect cttcatggga aaagtggtga atcccaccca aaaataactg 1500
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cctectegete ctcaaccect ceccctecate cctggeccce tecctggatg acattaaaga 1560
agggttgagce tggtccctge ctgcatgtga ctgtaaatcc ctcccatgtt ttetctgagt 1620
ctecectttge ctgctgagge tgtatgtggg ctecaggtaa cagtgcectgte ttegggcccce 1680
ctgaactgtg ttcatggagc atctggctgg gtaggcacat gectgggcttg aatccagggg 1740
ggactgaatc ctcagcttac ggacctgggce ccatctgttt ctggagggcet ccagtcttcece 1800
ttgtcctgte ttggagtccc caagaaggaa tcacagggga ggaaccagat accagccatg 1860
accccaggcet ccaccaagca tcecttcatgte ccectgetca teccccacte ceccccacce 1920
agagttgctc atcctgccag ggctggctgt gcccaccceca aggctgceccect cetgggggcece 1980
ccagaactgce ctgatcgtge cgtggcccag ttttgtggca tctgcagcaa cacaagagag 2040
aggacaatgt cctcctcttg acccgcetgte acctaaccag actcgggccce tgcacctcete 2100
aggcacttct ggaaaatgac tgaggcagat tcttcecctgaa geccattcte catggggcaa 2160
caaggacacc tattctgtcecce ttgtccttce atcgctgecce cagaaagcct cacatatctce 2220
cgtttagaat caggtccctt cteccccagat gaagaggagg gtctctgcett tgttttetet 2280
atctcctect cagacttgac caggcccagce aggccccaga agaccattac cctatatcce 2340
ttctectece tagtcacatg gecataggce tgctgatgge tcaggaaggce cattgcaagg 2400
actcctcecage tatgggagag gaagcacatc acccattgac ccccgcaacce ccteecttte 2460
ctecctetgag tecccgactgg ggccacatge agectgactt ctttgtgect gttgetgtcece 2520
ctgcagtctt cagagggcca ccgcagctcee agtgccacgg caggaggctg ttcecctgaata 2580
gcceectgtgg taagggccag gagagtcectt ccatcctceca aggccctgcet aaaggacaca 2640
gcagccagga agtcccctgg gccectaget gaaggacagce ctgctceccecctce cgtetctace 2700
aggaatggcce ttgtcctatg gaaggcactg ccccatccca aactaatcta ggaatcactg 2760
tctaaccact cactgtcatg aatgtgtact taaaggatga ggttgagtca taccaaatag 2820
tgatttcgat agttcaaaat ggtgaaatta gcaattctac atgattcagt ctaatcaatg 2880
gataccgact gtttcccaca caagtctecct gttctcecttaa gcettactcac tgacagectt 2940
tcactctcca caaatacatt aaagatatgg ccatcaccaa gccccctagg atgacaccag 3000
acctgagagt ctgaagacct ggatccaagt tctgactttt ccccctgaca getgtgtgac 3060
cttcgtgaag tcgccaaacc tcectctgagce ccagtcattg ctagtaagac ctgectttga 3120
gttggtatga tgttcaagtt agataacaaa atgtttatac ccattagaac agagaataaa 3180
tagaactaca tttcttgca 3199
<210> SEQ ID NO 5
<211> LENGTH: 3513
<212> TYPE: DNA
<213> ORGANISM: Homo sapien
<400> SEQUENCE: 5
tgggcaggaa ctgggcactg tgcccaggge atgcactgece tccacgcage aaccctcaga 60
gtectgaget gaaccaagaa ggaggagggg gtegggecte cgaggaaggce ctagecgetg 120
ctgctgecag gaattccagg ttggagggge ggcaacctece tgccagectt caggecacte 180
tecetgtgect gccagaagag acagagettg aggagagett gaggagagca ggaaagggcyg 240
gcagtaagtce ttcagcatca ggcattttgg ggtgactcag taaatggtag atcttgctac 300
cagtggaaca gccactaagg attctgcagt gagagcagag ggccagctaa gtggtactct 360
cccagagact gtctgactca cgccacccece tecaccttgg acacaggacyg ctgtggttte 420
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tgagccaggt acaatgactc ctttcgecage ctecccegtt gecectetgyg atccactget 480
taaatacgga cgaggacagg gccctgtete ctcagcttea ggcaccacca ctgacctggg 540
acagtgaatc gacaatgccg tcttetgtet cgtggggeat cctectgetyg gcaggectgt 600
getgectggt cectgtcetee ctggetgagg atccccaggg agatgcetgec cagaagacag 660
atacatccca ccatgatcag gatcacccaa ccttcaacaa gatcaccccee aacctggcetg 720
agttcgectt cagectatac cgccagetgg cacaccagte caacagcacce aatatcttet 780
tcteeccagt gagcatcget acagectttg caatgctcete cctggggacce aaggctgaca 840
ctcacgatga aatcctggag ggcctgaatt tcaacctcac ggagattceyg gaggcetcaga 900
tccatgaagg cttcecaggaa ctcecteegta cectcaacca gecagacage cagctccage 960
tgaccaccgg caatggcctg ttectcageg agggcctgaa gctagtggat aagtttttgg 1020
aggatgttaa aaagttgtac cactcagaag ccttcactgt caacttcggg gacaccgaag 1080
aggccaagaa acagatcaac gattacgtgg agaagggtac tcaagggaaa attgtggatt 1140
tggtcaagga gcttgacaga gacacagttt ttgctctggt gaattacatc ttctttaaag 1200
gcaaatggga gagacccttt gaagtcaagg acaccgagga agaggacttc cacgtggacce 1260
aggtgaccac cgtgaaggtg cctatgatga agcgtttagg catgtttaac atccagcact 1320
gtaagaagct gtccagectgg gtgctgctga tgaaatacct gggcaatgcec accgccatct 1380
tcttectgee tgatgagggg aaactacagce acctggaaaa tgaactcacc cacgatatca 1440
tcaccaagtt cctggaaaat gaagacagaa ggtctgccag cttacattta cccaaactgt 1500
ccattactgg aacctatgat ctgaagagcg tcctgggtca actgggcatc actaaggtct 1560
tcagcaatgg ggctgacctce tccggggtca cagaggagge acccectgaag ctctcecaagg 1620
ccgtgcataa ggctgtgetyg accatcgacg agaaagggac tgaagctgcet ggggccatgt 1680
ttttagaggc catacccatg tctatcccce ccgaggtcaa gttcaacaaa ccctttgtcet 1740
tcttaatgat tgaacaaaat accaagtctc ccctcttcat gggaaaagtg gtgaatccca 1800
cccaaaaata actgcctcecte getectcaac ccectececte catcectgge cecctecctg 1860
gatgacatta aagaagggtt gagctggtcc ctgcctgcat gtgactgtaa atccctecca 1920
tgttttetect gagtctcect ttgecctgetg aggctgtatg tgggctccag gtaacagtgce 1980
tgtctteggg cccectgaac tgtgttcatg gagcatcectgg ctgggtaggce acatgcetggg 2040
cttgaatcca ggggggactg aatcctcage ttacggacct gggcccatct gtttcetggag 2100
ggctccagte ttecttgtcee tgtettggag tccccaagaa ggaatcacag gggaggaacce 2160
agataccagc catgacccca ggctccacca agcatcttca tgtccccctg ctecatccece 2220
actccececce acccagagtt getcatecctg ccagggetgg ctgtgecccac cccaaggcetg 2280
ccetectggg ggccccagaa ctgcectgate gtgecgtgge ccagttttgt ggcatctgcea 2340
gcaacacaag agagaggaca atgtcctecct cttgacccge tgtcacctaa ccagactegg 2400
gccetgcace tcectcaggcac ttetggaaaa tgactgaggce agattcttcece tgaagcccat 2460
tctccatggg gcaacaagga cacctattct gteccecttgtece ttccatcget gecccagaaa 2520
gcctcacata tcectecgttta gaatcaggte ccttectceccee agatgaagag gagggtcectcet 2580
gctttgtttt ctetatctcee tectcagact tgaccaggec cagcaggccc cagaagacca 2640
ttaccctata tcccttctece tecctagtca catggccata ggcectgctga tggctcagga 2700
aggccattge aaggactcct cagctatggg agaggaagca catcacccat tgacccccge 2760
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aacccctece tttectecte tgagtceccga ctggggcecac atgcagectg acttetttgt 2820
gecctgttget gtececctgcag tcecttcagagg gceccaccgcag ctceccagtgece acggcaggag 2880
gctgtteetyg aatagcccect gtggtaaggg ccaggagagt ccttceccatcce tccaaggcecce 2940
tgctaaagga cacagcagcc aggaagtccce ctgggccect agetgaagga cagcectgcete 3000
cctecegtete taccaggaat ggccttgtcee tatggaaggce actgccccat cccaaactaa 3060
tctaggaatc actgtctaac cactcactgt catgaatgtg tacttaaagg atgaggttga 3120
gtcataccaa atagtgattt cgatagttca aaatggtgaa attagcaatt ctacatgatt 3180
cagtctaatc aatggatacc gactgtttcce cacacaagtc tcctgttcte ttaagcttac 3240
tcactgacag cctttcactc tccacaaata cattaaagat atggccatca ccaagccccce 3300
taggatgaca ccagacctga gagtctgaag acctggatcc aagttctgac ttttcccect 3360
gacagctgtg tgaccttcgt gaagtcgcca aacctcectctg agccccagtce attgctagta 3420
agacctgect ttgagttggt atgatgttca agttagataa caaaatgttt atacccatta 3480
gaacagagaa taaatagaac tacatttctt gca 3513
<210> SEQ ID NO 6

<211> LENGTH: 3236

<212> TYPE: DNA

<213> ORGANISM: Homo sapien

<400> SEQUENCE: 6

tgggcaggaa ctgggcactg tgcccaggge atgcactgec tecacgcage aaccctcaga 60

gtcctgaget gaaccaagaa ggaggagggyg gtcegggecte cgaggaaggce ctagecgetg 120

ctgctgecag gaattecagg ttggagggge ggcaacctece tgccagectt caggccacte 180
tcectgtgect gecagaagag acagagettyg aggagagett gaggagagca ggaaaggtgg 240
gacattgctyg ctgctgcetceca ctcagttcca caggacaatg cegtettetyg tetegtgggg 300
catcctectyg ctggecaggee tgtgetgect ggtcectgte tecetggetyg aggatcccca 360
gggagatgct gcccagaaga cagatacatc ccaccatgat caggatcacc caaccttcaa 420
caagatcacc cccaacctgg ctgagttege cttcagecta taccgecage tggcacacca 480
gtccaacage accaatatct tcettctecce agtgagcate gectacagect ttgcaatget 540
ctcectgggyg accaaggetyg acactcacga tgaaatectg gagggectga atttcaacct 600
cacggagatt ccggaggcte agatccatga aggcttecag gaactectcee gtaccctcaa 660
ccagccagac agccagctece agetgaccac cggcaatgge ctgttectca gegagggect 720
gaagctagtyg gataagtttt tggaggatgt taaaaagttg taccactcag aagccttcac 780
tgtcaactte ggggacaccg aagaggccaa gaaacagatc aacgattacg tggagaaggg 840
tactcaaggg aaaattgtgg atttggtcaa ggagettgac agagacacag tttttgetcet 900
ggtgaattac atcttcttta aaggcaaatyg ggagagaccce tttgaagtca aggacaccga 960

ggaagaggac ttccacgtgg accaggtgac caccgtgaag gtgcctatga tgaagcgttt 1020

aggcatgttt aacatccagc actgtaagaa gctgtccage tgggtgctgce tgatgaaata 1080

cctgggcaat gccaccgcca tettettect gectgatgag gggaaactac agcacctgga 1140

aaatgaactc acccacgata tcatcaccaa gttcctggaa aatgaagaca gaaggtctgce 1200

cagcttacat ttacccaaac tgtccattac tggaacctat gatctgaaga gcgtcctggg 1260

tcaactgggc atcactaagg tcttcagcaa tggggctgac ctctecegggg tcacagagga 1320

ggcaccectyg aagctctcca aggecgtgca taaggetgtg ctgaccateyg acgagaaagg 1380
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gactgaagct gctggggcca tgtttttaga ggccataccc atgtctatcce ccceccgaggt 1440
caagttcaac aaaccctttg tcecttcttaat gattgaacaa aataccaagt ctcccctcett 1500
catgggaaaa gtggtgaatc ccacccaaaa ataactgcct ctcgctceccte aacccctece 1560
ctccatcececct ggcceccectee ctggatgaca ttaaagaagg gttgagctgg tecctgectg 1620
catgtgactg taaatccctce ccatgtttte tctgagtete cectttgectg ctgaggetgt 1680
atgtgggctc caggtaacag tgctgtcttce gggcccectg aactgtgtte atggagcatce 1740
tggctgggta ggcacatgct gggcttgaat ccagggggga ctgaatcctce agcttacgga 1800
cctgggecca tectgtttetyg gagggctcecca gtecttecttg tectgtcecttg gagtecccaa 1860
gaaggaatca caggggagga accagatacc agccatgacc ccaggctcca ccaagcatct 1920
tcatgtccce ctgctcatcece cccacteccce cccacccaga gttgctcate ctgeccagggce 1980
tggctgtgece caccccaagg ctgccctect gggggccececa gaactgcectg atcgtgeegt 2040
ggcccagttt tgtggcatct gcagcaacac aagagagagg acaatgtcct cctettgacce 2100
cgctgtcecacce taaccagact cgggccctgce acctctcagg cacttctgga aaatgactga 2160
ggcagattct tcecctgaagce cattctcecat ggggcaacaa ggacacctat tctgtcecttg 2220
tcettecate getgecccag aaagectcac atatctceegt ttagaatcag gtceccttcete 2280
cccagatgaa gaggagggtce tcetgetttgt tttetctate tectectcag acttgaccag 2340
gcccagcagg ccccagaaga ccattaccct atatcecctte tectccectag tcacatggece 2400
ataggcctgce tgatggctca ggaaggccat tgcaaggact cctcagctat gggagaggaa 2460
gcacatcacc cattgaccce cgcaacccect cectttecte ctetgagtcecce cgactggggce 2520
cacatgcagc ctgacttcectt tgtgectgtt gctgtcectg cagtcttcag agggccaccg 2580
cagctccagt gccacggcag gaggctgtte ctgaatagcece cctgtggtaa gggccaggag 2640
agtcctteca tcctecaagg ccctgctaaa ggacacagea gccaggaagt cccctgggece 2700
cctagctgaa ggacagcctg cteccctecgt ctctaccagg aatggecttg tectatggaa 2760
ggcactgccec catcccaaac taatctagga atcactgtcet aaccactcac tgtcatgaat 2820
gtgtacttaa aggatgaggt tgagtcatac caaatagtga tttcgatagt tcaaaatggt 2880
gaaattagca attctacatg attcagtcta atcaatggat accgactgtt tcccacacaa 2940
gtctectgtt ctecttaagct tactcactga cagcctttca ctcectccacaa atacattaaa 3000
gatatggcca tcaccaagcce ccctaggatg acaccagacce tgagagtcectg aagacctgga 3060
tccaagttcect gactttteee cctgacagct gtgtgacctt cgtgaagtcg ccaaacctcet 3120
ctgagcccca gtcattgcta gtaagacctg cctttgagtt ggtatgatgt tcaagttaga 3180
taacaaaatg tttataccca ttagaacaga gaataaatag aactacattt cttgca 3236
<210> SEQ ID NO 7

<211> LENGTH: 3532

<212> TYPE: DNA

<213> ORGANISM: Homo sapien

<400> SEQUENCE: 7

tgggcaggaa ctgggcactg tgcccaggge atgcactgec tecacgcage aaccctcaga 60

gtcctgaget gaaccaagaa ggaggagggyg gtcegggecte cgaggaaggce ctagecgetg 120
ctgctgecag gaattecagg ttggagggge ggcaacctece tgccagectt caggccacte 180

tcectgtgect gecagaagag acagagettyg aggagagett gaggagagca ggaaaggtgg 240
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gacattgctyg ctgctgctca ctcagttcca cagggcggca gtaagtcttc agcatcagge 300
attttggggt gactcagtaa atggtagatc ttgctaccag tggaacagcc actaaggatt 360
ctgcagtgag agcagagggc cagctaagtg gtactctceee agagactgtce tgactcacge 420
caccecectee accttggaca caggacgetg tggtttctga gecagcagece tccceegttyg 480
ccectetgga tccactgett aaatacggac gaggacaggg ccectgtcetece tcagettcag 540
gcaccaccac tgacctggga cagtgaatcg acaatgecgt cttetgtete gtggggcatce 600
ctectgetgg caggectgtyg ctgcctggte cetgtcetece tggetgagga tcecccaggga 660
gatgctgecece agaagacaga tacatcccac catgatcagg atcacccaac cttcaacaag 720
atcaccccca acctggetga gttcegectte agectatace gecagetgge acaccagtcee 780
aacagcacca atatcttett ctccccagtg agcatcgeta cagectttge aatgetctcee 840
ctggggacca aggctgacac tcacgatgaa atcctggagg gectgaattt caacctcacg 900
gagattcegyg aggctcagat ccatgaaggce ttccaggaac tcectccegtac cctcaaccag 960
ccagacagcece agctccagcet gaccaccgge aatggcectgt tectcagega gggectgaag 1020
ctagtggata agtttttgga ggatgttaaa aagttgtacc actcagaagc cttcactgtc 1080
aacttcgggg acaccgaaga ggccaagaaa cagatcaacyg attacgtgga gaagggtact 1140
caagggaaaa ttgtggattt ggtcaaggag cttgacagag acacagtttt tgctctggtg 1200
aattacatct tctttaaagg caaatgggag agaccctttg aagtcaagga caccgaggaa 1260
gaggacttcc acgtggacca ggtgaccacc gtgaaggtgc ctatgatgaa gcgtttaggce 1320
atgtttaaca tccagcactg taagaagctg tccagctggg tgctgctgat gaaatacctg 1380
ggcaatgcca ccgcecatctt cttectgect gatgagggga aactacagca cctggaaaat 1440
gaactcaccc acgatatcat caccaagttc ctggaaaatg aagacagaag gtctgccagce 1500
ttacatttac ccaaactgtc cattactgga acctatgatc tgaagagcgt cctgggtcaa 1560
ctgggcatca ctaaggtctt cagcaatggg gctgacctcect cecggggtcac agaggaggca 1620
ccectgaage tetccaagge cgtgcataag gctgtgcetga ccatcgacga gaaagggact 1680
gaagctgetyg gggccatgtt tttagaggcc atacccatgt ctatccceccce cgaggtcaag 1740
ttcaacaaac cctttgtctt cttaatgatt gaacaaaata ccaagtctcc cctcttecatg 1800
ggaaaagtgg tgaatcccac ccaaaaataa ctgcctcteg ctectcaacce ccteccectece 1860
atccctggece cectecctgg atgacattaa agaagggttg agctggtcecce tgcctgcatg 1920
tgactgtaaa tccctcccat gttttcetcectg agtcectceectt tgcctgctga ggctgtatgt 1980
gggctccagg taacagtgct gtcecttecggge cccctgaact gtgttcatgg agcatctgge 2040
tgggtaggca catgctgggce ttgaatccag gggggactga atcctcaget tacggacctg 2100
ggcccatetyg tttetggagg gcteccagtet tecttgtect gtettggagt ccccaagaag 2160
gaatcacagyg ggaggaacca gataccagcc atgaccccag gctccaccaa gcatctteat 2220
gtcececectge tcatccccca ctecccecca cccagagttyg ctecatcectge cagggctgge 2280
tgtgcccace ccaaggctge cctectgggg gccccagaac tgcctgateg tgcecgtggece 2340
cagttttgtg gcatctgcag caacacaaga gagaggacaa tgtcctccte ttgacccget 2400
gtcacctaac cagactcggg ccctgcacct ctcaggcact tcectggaaaat gactgaggca 2460
gattcttect gaagcccatt ctecatgggg caacaaggac acctattctg tcecttgtect 2520
tccatecgetg ccccagaaag cctcacatat ctecegtttag aatcaggtcecce cttceteccca 2580
gatgaagagg agggtctctg ctttgttttc tctatctceet cctcagactt gaccaggcecce 2640
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agcaggcccce agaagaccat taccctatat cccttctect cectagtcac atggccatag 2700
gcctgectgat ggctcaggaa ggccattgca aggactcecte agectatggga gaggaagcac 2760
atcacccatt gacccccgca acccctecct ttectectet gagtceccgac tggggccaca 2820
tgcagcectga cttetttgtyg cectgttgcectg tceectgcagt cttcagaggg ccaccgcagce 2880
tccagtgeca cggcaggagg ctgttcectga atagccectg tggtaagggce caggagagtce 2940
cttececatcct ccaaggcecct gctaaaggac acagcagceca ggaagtccce tgggecccta 3000
gctgaaggac agcctgctcee cteegtetet accaggaatg gecttgtect atggaaggca 3060
ctgccceccate ccaaactaat ctaggaatca ctgtctaacc actcactgtce atgaatgtgt 3120
acttaaagga tgaggttgag tcataccaaa tagtgatttc gatagttcaa aatggtgaaa 3180
ttagcaattc tacatgattc agtctaatca atggataccg actgtttccce acacaagtct 3240
cctgttetet taagcttact cactgacagce ctttcactcect ccacaaatac attaaagata 3300
tggccatcac caagcccect aggatgacac cagacctgag agtctgaaga cctggatcca 3360
agttctgact tttccccecetg acagetgtgt gaccttegtg aagtcgccaa acctctcetga 3420
gcceccagteca ttgctagtaa gacctgectt tgagttggta tgatgttcaa gttagataac 3480
aaaatgttta tacccattag aacagagaat aaatagaact acatttcttg ca 3532
<210> SEQ ID NO 8
<211> LENGTH: 3340
<212> TYPE: DNA
<213> ORGANISM: Homo sapien
<400> SEQUENCE: 8
tgggcaggaa ctgggcactg tgcccaggge atgcactgece tccacgcage aaccctcaga 60
gtectgaget gaaccaagaa ggaggagggg gtegggecte cgaggaaggce ctagecgetg 120
ctgctgecag gaattccagg ttggagggge ggcaacctece tgccagectt caggecacte 180
tecetgtgect gccagaagag acagagettg aggagagett gaggagagca ggaaaggtgg 240
gacattgctyg ctgctgctca ctcagttcca cagcagecte cecegttgec cctetggate 300
cactgcttaa atacggacga ggacagggcece ctgtctecte agettcagge accaccactg 360
acctgggaca gtgaatcgac aatgccegtet tetgtctegt ggggcatcect cctgetggea 420
ggectgtget gectggtcecee tgtctecctg getgaggate cecagggaga tgctgcccag 480
aagacagata catcccacca tgatcaggat cacccaacct tcaacaagat cacccccaac 540
ctggectgagt tcgecttcag cctataccge cagetggcac accagtccaa cagcaccaat 600
atcttettet ccccagtgag catcgctaca gectttgcaa tgctcectcect ggggaccaag 660
gctgacacte acgatgaaat cctggagggce ctgaatttca acctcacgga gattccggag 720
gctcagatee atgaaggctt ccaggaactc ctccegtacce tcaaccagec agacagccag 780
cteccagetga ccaccggcaa tggcectgtte ctcagcgagg gectgaaget agtggataag 840
tttttggagg atgttaaaaa gttgtaccac tcagaagcct tcactgtcaa ctteggggac 900
accgaagagg ccaagaaaca gatcaacgat tacgtggaga agggtactca agggaaaatt 960
gtggatttgg tcaaggagct tgacagagac acagtttttg ctctggtgaa ttacatcttce 1020
tttaaaggca aatgggagag accctttgaa gtcaaggaca ccgaggaaga ggacttccac 1080
gtggaccagg tgaccaccgt gaaggtgcct atgatgaagce gtttaggcat gtttaacatc 1140
cagcactgta agaagctgtc cagctgggtg ctgctgatga aatacctggg caatgccacc 1200
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gccatcttet tectgectga tgaggggaaa ctacagcacce tggaaaatga actcacccac 1260
gatatcatca ccaagttcct ggaaaatgaa gacagaaggt ctgccagcett acatttaccce 1320
aaactgtcca ttactggaac ctatgatctg aagagcgtcc tgggtcaact gggcatcact 1380
aaggtcttca gcaatggggc tgacctctce ggggtcacag aggaggcacce cctgaagcetce 1440
tccaaggccg tgcataaggce tgtgctgacce atcgacgaga aagggactga agctgctggg 1500
gccatgtttt tagaggccat acccatgtct atcccccceceg aggtcaagtt caacaaaccce 1560
tttgtcttect taatgattga acaaaatacc aagtctcccce tecttcatggg aaaagtggtg 1620
aatcccaccce aaaaataact gcectctegcet cctcaaccce tecccectcecat cectggecece 1680
ctccctggat gacattaaag aagggttgag ctggtccectg cctgcatgtg actgtaaatce 1740
cctceccatgt tttcectctgag tetceccectttg cctgctgagg ctgtatgtgg getccaggta 1800
acagtgctgt cttcgggccce cctgaactgt gttcatggag catctggctg ggtaggcaca 1860
tgctgggctt gaatccaggg gggactgaat cctcagetta cggacctggg cccatctgtt 1920
tctggaggge tccagtctte cttgtectgt cttggagtece ccaagaagga atcacagggg 1980
aggaaccaga taccagccat gaccccaggc tccaccaagce atcttcatgt ccccectgete 2040
atcccceccact cecccecccace cagagttgcet catcecctgeca gggctggcectg tgcccaccce 2100
aaggctgeccce tectgggggce cccagaactg cctgatcegtg cecgtggcecca gttttgtgge 2160
atctgcagca acacaagaga gaggacaatg tcctectett gacccgcectgt cacctaacca 2220
gactcgggece ctgcacctcet caggcacttc tggaaaatga ctgaggcaga ttcttcectga 2280
agcccattcet ccatggggca acaaggacac ctattctgte cttgtcecctte catcgctgece 2340
ccagaaagcc tcacatatct ccgtttagaa tcaggtcect tcetcecccaga tgaagaggag 2400
ggtctctget ttgttttcte tatctectece tcagacttga ccaggcccag caggcccecag 2460
aagaccatta ccctatatcc cttctectcee ctagtcacat ggccatagge ctgctgatgg 2520
ctcaggaagg ccattgcaag gactcctcag ctatgggaga ggaagcacat cacccattga 2580
cceccgecaac cecteccttt ccectectetga gteccgactg gggccacatg cagectgact 2640
tctttgtgee tgttgctgte cctgcagtct tcagagggcce accgcagctce cagtgccacg 2700
gcaggaggct gttecctgaat agcccctgtg gtaagggcca ggagagtcect tccatcctcece 2760
aaggccctge taaaggacac agcagccagg aagtcccectyg ggeccctage tgaaggacag 2820
cctgctecct cegtetctac caggaatgge cttgtcecctat ggaaggcact gccccatcce 2880
aaactaatct aggaatcact gtctaaccac tcactgtcat gaatgtgtac ttaaaggatg 2940
aggttgagtc ataccaaata gtgatttcga tagttcaaaa tggtgaaatt agcaattcta 3000
catgattcag tctaatcaat ggataccgac tgtttcccac acaagtctcecce tgttctetta 3060
agcttactca ctgacagcct ttcactctce acaaatacat taaagatatg gccatcacca 3120
agccccectag gatgacacca gacctgagag tctgaagacce tggatccaag ttcectgacttt 3180
tcecectgac agectgtgtga ccttegtgaa gtegccaaac ctctectgage cccagtcatt 3240
gctagtaaga cctgectttg agttggtatg atgttcaagt tagataacaa aatgtttata 3300

cccattagaa cagagaataa atagaactac atttcttgca 3340

<210> SEQ ID NO 9

<211> LENGTH: 3495

<212> TYPE: DNA

<213> ORGANISM: Homo sapien

<400> SEQUENCE: 9
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tgggcaggaa ctgggcactg tgcccaggge atgcactgec tecacgcage aaccctcaga 60

gtcctgaget gaaccaagaa ggaggagggyg gtcegggecte cgaggaaggce ctagecgetg 120

ctgctgecag gaattecagg ttggagggge ggcaacctece tgccagectt caggccacte 180
tcectgtgect gecagaagag acagagettyg aggagagett gaggagagca ggaaagggceg 240
gcagtaagtc ttcagcatca ggcattttgg ggtgactcag taaatggtag atcttgetac 300
cagtggaaca gccactaagg attctgecagt gagagcagag ggccagctaa gtggtactcet 360
cccagagact gtctgactca cgecaccece tccaccttgg acacaggacg ctgtggttte 420
tgagccagca gectececeg ttgeccectet ggatccactg cttaaatacg gacgaggaca 480
gggcectgte tcectcagett caggcaccac cactgacctg ggacagtgaa tcgacaatge 540
cgtettetgt ctegtgggge atcctectge tggecaggect gtgetgectyg gtecctgtet 600
cectggetga ggatccccag ggagatgetg cccagaagac agatacatce caccatgate 660
aggatcaccce aaccttcaac aagatcacce ccaacctgge tgagttcegece ttcagectat 720
accgccaget ggcacaccag tccaacagca ccaatatctt ctteteccca gtgagcatceg 780
ctacagecett tgcaatgete teectgggga ccaaggetga cactcacgat gaaatcctgg 840
agggcctgaa tttcaaccte acggagatte cggaggetca gatccatgaa ggcettccagg 900
aactccteeg taccctcaac cagccagaca gcecagctcca getgaccace ggcaatggece 960

tgttcctcag cgagggcctyg aagctagtgg ataagttttt ggaggatgtt aaaaagttgt 1020
accactcaga agccttcact gtcaacttcg gggacaccga agaggccaag aaacagatca 1080
acgattacgt ggagaagggt actcaaggga aaattgtgga tttggtcaag gagcttgaca 1140
gagacacagt ttttgctctg gtgaattaca tcttctttaa aggcaaatgg gagagaccct 1200
ttgaagtcaa ggacaccgag gaagaggact tccacgtgga ccaggtgacce accgtgaagg 1260
tgcctatgat gaagcgttta ggcatgttta acatccagca ctgtaagaag ctgtccagcet 1320
gggtgctgcet gatgaaatac ctgggcaatg ccaccgccat cttettectg cctgatgagg 1380
ggaaactaca gcacctggaa aatgaactca cccacgatat catcaccaag ttcctggaaa 1440
atgaagacag aaggtctgcc agcttacatt tacccaaact gtccattact ggaacctatg 1500
atctgaagag cgtcctgggt caactgggca tcactaaggt cttcagcaat ggggctgacc 1560
tcteeggggt cacagaggag gcacccectga agctctcecaa ggccgtgcat aaggcetgtgce 1620
tgaccatcga cgagaaaggg actgaagctg ctggggccat gtttttagag gccataccca 1680
tgtctatcece ccccgaggte aagttcaaca aaccctttgt cttcecttaatg attgaacaaa 1740
ataccaagtc tcccectcette atgggaaaag tggtgaatcce cacccaaaaa taactgcctce 1800
tcgctectca accectecee tecatcectg gecececectece tggatgacat taaagaaggg 1860
ttgagctggt ccctgcctge atgtgactgt aaatccctece catgttttet ctgagtcetcece 1920
ctttgcctge tgaggctgta tgtgggctce aggtaacagt getgtcectteg ggccccectga 1980
actgtgttca tggagcatct ggctgggtag gcacatgctg ggcttgaatce caggggggac 2040
tgaatcctca gecttacggac ctgggcccat ctgtttetgg agggctccag tettecttgt 2100
cctgtettgg agtccccaag aaggaatcac aggggaggaa ccagatacca gccatgacce 2160
caggctceccac caagcatctt catgtcccce tgctcatcecce ccactcecccee ccacccagag 2220
ttgctcatce tgccagggct ggctgtgcce accccaaggce tgccctectg ggggecccag 2280

aactgcctga tecgtgccecgtyg geccagtttt gtggcatcetg cagcaacaca agagagagga 2340



123

US 9,340,784 B2

124

-continued
caatgtcctce ctcttgacce getgtcacct aaccagactc gggccctgca cctcectcaggce 2400
acttctggaa aatgactgag gcagattctt cctgaagccce attctccatg gggcaacaag 2460
gacacctatt ctgtccttgt ccttceccatcg ctgccccaga aagcctcaca tatctcegtt 2520
tagaatcagg tcccttctec ccagatgaag aggagggtcect ctgctttgtt ttetctatct 2580
cctectcecaga cttgaccagg cccagcaggce cccagaagac cattacccta tatcccttet 2640
cctcecectagt cacatggcca taggectgct gatggctcag gaaggccatt gcaaggactce 2700
ctcagctatg ggagaggaag cacatcaccc attgaccccce gcaaccccte cctttectee 2760
tctgagtecce gactggggcec acatgcagcce tgacttcettt gtgcctgttg ctgtccctge 2820
agtcttcaga gggccaccgce agctccagtg ccacggcagg aggctgttce tgaatagecce 2880
ctgtggtaag ggccaggaga gtcctteccat cctceccaagge cctgctaaag gacacagcag 2940
ccaggaagtc ccctgggceccce ctagctgaag gacagcctge tcecctecgte tetaccagga 3000
atggccttgt cctatggaag gcactgcccce atcccaaact aatctaggaa tcactgtcta 3060
accactcact gtcatgaatg tgtacttaaa ggatgaggtt gagtcatacc aaatagtgat 3120
ttcgatagtt caaaatggtg aaattagcaa ttctacatga ttcagtctaa tcaatggata 3180
ccgactgttt cccacacaag tcectcecctgtte tcttaagett actcactgac agectttcac 3240
tctccacaaa tacattaaag atatggccat caccaagccc cctaggatga caccagacct 3300
gagagtctga agacctggat ccaagttctg acttttccec ctgacagetg tgtgacctte 3360
gtgaagtcge caaacctcte tgagccccag tcattgctag taagacctgce ctttgagttg 3420
gtatgatgtt caagttagat aacaaaatgt ttatacccat tagaacagag aataaataga 3480
actacatttc ttgca 3495
<210> SEQ ID NO 10
<211> LENGTH: 3492
<212> TYPE: DNA
<213> ORGANISM: Homo sapien
<400> SEQUENCE: 10
tgggcaggaa ctgggcactg tgcccaggge atgcactgece tccacgcage aaccctcaga 60
gtectgaget gaaccaagaa ggaggagggg gtegggecte cgaggaaggce ctagecgetg 120
ctgctgecag gaattccagg ttggagggge ggcaacctece tgccagectt caggecacte 180
tecetgtgect gccagaagag acagagettg aggagagett gaggagagca ggaaagggcyg 240
gcagtaagtce ttcagcatca ggcattttgg ggtgactcag taaatggtag atcttgctac 300
cagtggaaca gccactaagg attctgcagt gagagcagag ggccagctaa gtggtactct 360
cccagagact gtctgactca cgccacccece tecaccttgg acacaggacyg ctgtggttte 420
tgagccagee tccccegttyg ccectetgga tecactgett aaatacggac gaggacaggg 480
cectgtetee tcagettcag gecaccaccac tgacctggga cagtgaatcg acaatgecgt 540
cttetgtete gtggggeatce ctectgetgg caggectgtyg ctgectggte cctgtcetece 600
tggctgagga tccccaggga gatgctgece agaagacaga tacatcccac catgatcagg 660
atcacccaac cttcaacaag atcaccccca acctggcetga gttegectte agectatace 720
gecagetgge acaccagtcce aacagcacca atatcttett ctecccagtg agecatcgeta 780
cagcetttge aatgctctce ctggggacca aggctgacac tcacgatgaa atcctggagg 840
gectgaattt caacctcacg gagattccegg aggctcagat ccatgaaggce ttccaggaac 900
tcctecgtac cctcaaccag ccagacagec agetccaget gaccaccgge aatggectgt 960
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tcetcagega gggcectgaag ctagtggata agtttttgga ggatgttaaa aagttgtacce 1020
actcagaagc cttcactgtc aacttcgggg acaccgaaga ggccaagaaa cagatcaacg 1080
attacgtgga gaagggtact caagggaaaa ttgtggattt ggtcaaggag cttgacagag 1140
acacagtttt tgctctggtg aattacatct tctttaaagg caaatgggag agaccctttg 1200
aagtcaagga caccgaggaa gaggacttcce acgtggacca ggtgaccacce gtgaaggtge 1260
ctatgatgaa gcgtttaggc atgtttaaca tccagcactg taagaagctg tccagetggg 1320
tgctgctgat gaaatacctg ggcaatgcca ccgccatcett cttcectgcect gatgagggga 1380
aactacagca cctggaaaat gaactcaccc acgatatcat caccaagttc ctggaaaatg 1440
aagacagaag gtctgccagc ttacatttac ccaaactgtc cattactgga acctatgatc 1500
tgaagagcgt cctgggtcaa ctgggcatca ctaaggtcett cagcaatggg gctgacctcet 1560
cecggggtceac agaggaggca cccctgaage tcetcecaagge cgtgcataag gcetgtgetga 1620
ccatcgacga gaaagggact gaagctgctg gggccatgtt tttagaggcce atacccatgt 1680
ctatcceccce cgaggtcaag ttcaacaaac cctttgtett cttaatgatt gaacaaaata 1740
ccaagtctcce cctcecttcatg ggaaaagtgg tgaatcccac ccaaaaataa ctgcctceteg 1800
ctecctcaacce cctceeccectece atcecctggee cectecectgg atgacattaa agaagggttg 1860
agctggteccce tgcctgcatg tgactgtaaa tcecctcecccat gttttectcectg agtcectcecectt 1920
tgcctgetga ggctgtatgt gggctcecagg taacagtget gtctteggge cccctgaact 1980
gtgttcatgg agcatctggce tgggtaggca catgctgggce ttgaatccag gggggactga 2040
atcctcaget tacggacctg ggcccatctg tttetggagg gcectccagtet tecttgtect 2100
gtettggagt ccccaagaag gaatcacagg ggaggaacca gataccagec atgaccccag 2160
gctccaccaa gcatcttcat gtcceccectge tcatccecccecca cteccceccca cccagagttyg 2220
ctcatectge cagggetgge tgtgcccacce ccaaggcetge cctectgggyg gcecccagaac 2280
tgcctgatecg tgccecgtggece cagttttgtg gcatctgcag caacacaaga gagaggacaa 2340
tgtcctecte ttgacccecget gtcacctaac cagactceggg ccctgcacct ctcaggcact 2400
tctggaaaat gactgaggca gattcttcct gaagcccatt ctccatgggg caacaaggac 2460
acctattectg tecttgtect tecatcgetg ccccagaaag cctcacatat cteccgtttag 2520
aatcaggtcce cttctcceca gatgaagagg agggtctetg ctttgtttte tetatctect 2580
cctcagactt gaccaggccc agcaggccce agaagaccat taccctatat cecttcetect 2640
ccectagtcac atggccatag gectgctgat ggctcaggaa ggccattgca aggactcecte 2700
agctatggga gaggaagcac atcacccatt gacccccgca acccctcecect ttectectet 2760
gagtcccgac tggggccaca tgcagcectga cttetttgtg cetgttgetg tceectgecagt 2820
cttcagaggg ccaccgcagce tccagtgcca cggcaggagg ctgttcecctga atageccctg 2880
tggtaagggce caggagagtc cttccatcct ccaaggccect gctaaaggac acagcagcca 2940
ggaagtccece tgggcecccta gctgaaggac agcectgctece cteccgtetcet accaggaatg 3000
gccttgtect atggaaggca ctgccccatce ccaaactaat ctaggaatca ctgtctaacce 3060
actcactgtc atgaatgtgt acttaaagga tgaggttgag tcataccaaa tagtgatttc 3120
gatagttcaa aatggtgaaa ttagcaattc tacatgattc agtctaatca atggataccg 3180
actgtttcce acacaagtcect cctgttectcet taagcttact cactgacage ctttcactcet 3240

ccacaaatac attaaagata tggccatcac caagecccct aggatgacac cagacctgag 3300



127

US 9,340,784 B2

128

-continued
agtctgaaga cctggatcca agttctgact tttecccectg acagetgtgt gaccttegtg 3360
aagtcgccaa acctctctga gecccagtca ttgctagtaa gacctgectt tgagttggta 3420
tgatgttcaa gttagataac aaaatgttta tacccattag aacagagaat aaatagaact 3480
acatttcttg ca 3492
<210> SEQ ID NO 11
<211> LENGTH: 3510
<212> TYPE: DNA
<213> ORGANISM: Homo sapien
<400> SEQUENCE: 11
tgggcaggaa ctgggcactg tgcccaggge atgcactgece tccacgcage aaccctcaga 60
gtectgaget gaaccaagaa ggaggagggg gtegggecte cgaggaaggce ctagecgetg 120
ctgctgecag gaattccagg ttggagggge ggcaacctece tgccagectt caggecacte 180
tecetgtgect gccagaagag acagagettg aggagagett gaggagagca ggaaagggcyg 240
gcagtaagtce ttcagcatca ggcattttgg ggtgactcag taaatggtag atcttgctac 300
cagtggaaca gccactaagg attctgcagt gagagcagag ggccagctaa gtggtactct 360
cccagagact gtctgactca cgccacccece tecaccttgg acacaggacyg ctgtggttte 420
tgagccaggt acaatgactc ctttcegecte cecegttgece ccetetggate cactgettaa 480
atacggacga ggacagggcc ctgtctecte agettcagge accaccactyg acctgggaca 540
gtgaatcgac aatgccgtcet tctgtetegt ggggcatcct cctgetggeca ggectgtget 600
gectggtece tgtcteccctyg getgaggatce cccagggaga tgctgceccag aagacagata 660
catcccacca tgatcaggat cacccaacct tcaacaagat cacccccaac ctggcetgagt 720
tegecttceag cctataccge cagctggeac accagtccaa cagcaccaat atcttettet 780
ccccagtgag catcgetaca gectttgeaa tgetctceect ggggaccaag gctgacacte 840
acgatgaaat cctggagggc ctgaatttca acctcacgga gattccggag gctcagatce 900
atgaaggctt ccaggaactc ctccgtacce tcaaccagec agacagccag ctccagetga 960
ccaccggcaa tggcctgtte ctcagcgagg gcctgaaget agtggataag tttttggagg 1020
atgttaaaaa gttgtaccac tcagaagcct tcactgtcaa cttcggggac accgaagagg 1080
ccaagaaaca gatcaacgat tacgtggaga agggtactca agggaaaatt gtggatttgg 1140
tcaaggagct tgacagagac acagtttttg ctctggtgaa ttacatcttc tttaaaggca 1200
aatgggagag accctttgaa gtcaaggaca ccgaggaaga ggacttccac gtggaccagg 1260
tgaccaccgt gaaggtgcct atgatgaagce gtttaggcat gtttaacatc cagcactgta 1320
agaagctgtc cagctgggtg ctgctgatga aatacctggg caatgccacc gccatcttcet 1380
tcetgectga tgaggggaaa ctacagcacce tggaaaatga actcacccac gatatcatca 1440
ccaagttcct ggaaaatgaa gacagaaggt ctgccagcett acatttaccce aaactgtcca 1500
ttactggaac ctatgatctg aagagcgtcce tgggtcaact gggcatcact aaggtcttca 1560
gcaatgggge tgacctctee ggggtcacag aggaggcacce cctgaagetce tccaaggecyg 1620
tgcataaggc tgtgctgacc atcgacgaga aagggactga agctgctggg gccatgtttt 1680
tagaggccat acccatgtcect atcccccccecg aggtcaagtt caacaaacce tttgtcettet 1740
taatgattga acaaaatacc aagtctccce tcttcatggg aaaagtggtg aatcccaccce 1800
aaaaataact gcctctceget cctcaaccce tcecectecat cectggecece cteectggat 1860
gacattaaag aagggttgag ctggtccctg cctgcatgtg actgtaaatc cctecccatgt 1920
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tttctetgag tetcectttyg cetgctgagg ctgtatgtgg gectccaggta acagtgetgt 1980
cttcgggecce cctgaactgt gttcatggag catctggetg ggtaggcaca tgctgggcett 2040
gaatccaggg gggactgaat cctcagctta cggacctggg cccatctgtt tcectggagggce 2100
tccagtette cttgtcecctgt cttggagtce ccaagaagga atcacagggg aggaaccaga 2160
taccagccat gaccccaggce tccaccaagce atcttcatgt ccccctgcte atcccccact 2220
ccececcace cagagttgcet catcctgeca gggetggetyg tgcccaccece aaggetgece 2280
tcetggggge cccagaactg cctgategtg ccgtggecca gttttgtgge atctgcagcea 2340
acacaagaga gaggacaatg tcctcctctt gacccgetgt cacctaacca gactcgggcece 2400
ctgcacctct caggcacttc tggaaaatga ctgaggcaga ttcttcecctga agcccattcet 2460
ccatggggca acaaggacac ctattctgtce cttgtcctte catcgectgece ccagaaagcce 2520
tcacatatct ccgtttagaa tcaggtccct tctecccaga tgaagaggag ggtctcetget 2580
ttgttttcte tatctcctec tcagacttga ccaggcccag caggccccag aagaccatta 2640
ccectatatee cttcetectee ctagtcacat ggccatagge ctgctgatgg ctcaggaagg 2700
ccattgcaag gactcctcag ctatgggaga ggaagcacat cacccattga cccccgcaac 2760
cceteecttt cectectectga gteccgactg gggccacatg cagcctgact tetttgtgece 2820
tgttgctgte cctgcagtet tcagagggcce accgcagcetce cagtgccacg gcaggaggct 2880
gttcctgaat agcccctgtg gtaagggcca ggagagtcect tcecatcctcece aaggccctge 2940
taaaggacac agcagccagg aagtccectg ggeccctage tgaaggacag cctgcetcect 3000
ccgtctetac caggaatggce cttgtcectat ggaaggcact geccccatccce aaactaatct 3060
aggaatcact gtctaaccac tcactgtcat gaatgtgtac ttaaaggatg aggttgagtc 3120
ataccaaata gtgatttcga tagttcaaaa tggtgaaatt agcaattcta catgattcag 3180
tctaatcaat ggataccgac tgtttcccac acaagtctcce tgttctctta agcttactca 3240
ctgacagcct ttcactctec acaaatacat taaagatatg gccatcacca agccccctag 3300
gatgacacca gacctgagag tctgaagacc tggatccaag ttctgacttt tccccecctgac 3360
agctgtgtga ccttegtgaa gtcgccaaac ctctcectgage cccagtcatt getagtaaga 3420
cctgectttg agttggtatg atgttcaagt tagataacaa aatgtttata cccattagaa 3480
cagagaataa atagaactac atttcttgca 3510
<210> SEQ ID NO 12
<211> LENGTH: 3303
<212> TYPE: DNA
<213> ORGANISM: Homo sapien
<400> SEQUENCE: 12
tgggcaggaa ctgggcactg tgcccaggge atgcactgece tccacgcage aaccctcaga 60
gtectgaget gaaccaagaa ggaggagggg gtegggecte cgaggaaggce ctagecgetg 120
ctgctgecag gaattccagg ttggagggge ggcaacctece tgccagectt caggecacte 180
tcetgtgect gccagaagag acagagettg aggagagett gaggagagca ggaaagcagce 240
ctececegtt gecectetgg atccactget taaatacgga cgaggacagyg gccctgtcete 300
ctcagettca ggcaccacca ctgacctggg acagtgaatce gacaatgecg tcettetgtet 360
cgtggggeat cctectgetyg gecaggectgt getgectggt cectgtetece ctggetgagyg 420
atccecaggg agatgctgcce cagaagacag atacatccca ccatgatcag gatcacccaa 480
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ccttcaacaa gatcacccce aacctggetg agttegectt cagectatac cgccagetgg 540
cacaccagtc caacagcacc aatatcttcet tcetccccagt gagcatcget acagectttg 600
caatgctcte cctggggacce aaggctgaca ctcacgatga aatcctggag ggcctgaatt 660
tcaacctcac ggagattccg gaggctcaga tccatgaagg cttecaggaa ctectcecgta 720
cccteaacca gccagacage cagctccage tgaccacegg caatggectyg ttectcageg 780
agggcctgaa gctagtggat aagtttttgg aggatgttaa aaagttgtac cactcagaag 840
cctteactgt caacttcggg gacaccgaag aggccaagaa acagatcaac gattacgtgg 900
agaagggtac tcaagggaaa attgtggatt tggtcaagga gcttgacaga gacacagttt 960
ttgctcectggt gaattacatc ttcectttaaag gcaaatggga gagacccttt gaagtcaagg 1020
acaccgagga agaggacttc cacgtggacc aggtgaccac cgtgaaggtyg cctatgatga 1080
agcgtttagg catgtttaac atccagcact gtaagaagct gtccagctgg gtgctgctga 1140
tgaaatacct gggcaatgcc accgccatct tcttectgece tgatgagggg aaactacagce 1200
acctggaaaa tgaactcacc cacgatatca tcaccaagtt cctggaaaat gaagacagaa 1260
ggtctgccag cttacattta cccaaactgt ccattactgg aacctatgat ctgaagagcyg 1320
tcetgggtca actgggcatce actaaggtct tcagcaatgg ggctgaccte tecggggtca 1380
cagaggaggc acccctgaag ctctccaagg cegtgcataa ggetgtgetyg accatcgacg 1440
agaaagggac tgaagctgct ggggccatgt ttttagaggc catacccatg tctatcccce 1500
ccgaggtcaa gttcaacaaa ccctttgtct tcttaatgat tgaacaaaat accaagtctce 1560
ccetetteat gggaaaagtyg gtgaatccca cccaaaaata actgcctcte getcectcaac 1620
ccetececte catcectgge ccccteectg gatgacatta aagaagggtt gagectggtcece 1680
ctgcctgcat gtgactgtaa atccctecca tgttttetet gagtctccecet ttgectgetg 1740
aggctgtatg tgggctccag gtaacagtgce tgtcectteggg ccccctgaac tgtgttcatg 1800
gagcatctgg ctgggtaggce acatgctggg cttgaatcca ggggggactg aatcctcage 1860
ttacggacct gggcccatct gtttcectggag ggctccagte ttceccttgtee tgtcecttggag 1920
tccccaagaa ggaatcacag gggaggaacce agataccage catgacccca ggctccacca 1980
agcatcttca tgtccceetg ctecatceccce actecccecce acccagagtt getcatectg 2040
ccagggcetgg ctgtgeccac cccaaggetg cectectggyg ggcecccagaa ctgectgate 2100
gtgcecgtgge ccagttttgt ggcatctgca gcaacacaag agagaggaca atgtcctect 2160
cttgacccge tgtcacctaa ccagactcgg gccctgcacce tcectcaggcac ttcectggaaaa 2220
tgactgaggc agattcttcecc tgaagcccat tcteccatggg gcaacaagga cacctattcet 2280
gtcettgtee tteccatcgcet gccccagaaa gectcacata tcecteccegttta gaatcaggte 2340
ccttetecee agatgaagag gagggtcectcet getttgtttt ctctatctee tectcagact 2400
tgaccaggcce cagcaggccc cagaagacca ttaccctata tceccttctee tecctagtca 2460
catggccata ggcctgctga tggctcagga aggccattgce aaggactcct cagctatggg 2520
agaggaagca catcacccat tgacccccge aacccctecce tttectecte tgagtceccga 2580
ctggggccac atgcagcctg acttctttgt gcecctgttget gtccectgcag tettcagagg 2640
gccaccgecag cteccagtgce acggcaggag gctgttcecctg aatagceccct gtggtaaggg 2700
ccaggagagt cctteccatcce tccaaggecce tgctaaagga cacagcagec aggaagtcce 2760
ctgggcecceccct agctgaagga cagcectgcte cctecgtete taccaggaat ggccttgtcece 2820
tatggaaggc actgccccat cccaaactaa tctaggaatc actgtctaac cactcactgt 2880
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catgaatgtg tacttaaagg atgaggttga gtcataccaa atagtgattt cgatagttca 2940
aaatggtgaa attagcaatt ctacatgatt cagtctaatc aatggatacc gactgtttcc 3000
cacacaagtc tcctgttcecte ttaagcttac tcactgacag cctttcactce tceccacaaata 3060
cattaaagat atggccatca ccaagccccce taggatgaca ccagacctga gagtctgaag 3120
acctggatcc aagttctgac ttttceccccct gacagctgtg tgaccttcecgt gaagtcgeca 3180
aacctctetg agccccagte attgctagta agacctgect ttgagttggt atgatgttca 3240
agttagataa caaaatgttt atacccatta gaacagagaa taaatagaac tacatttctt 3300
gca 3303
<210> SEQ ID NO 13

<211> LENGTH: 3300

<212> TYPE: DNA

<213> ORGANISM: Homo sapien

<400> SEQUENCE: 13

tgggcaggaa ctgggcactg tgcccaggge atgcactgec tecacgcage aaccctcaga 60

gtcctgaget gaaccaagaa ggaggagggyg gtcegggecte cgaggaaggce ctagecgetg 120

ctgctgecag gaattecagg ttggagggge ggcaacctece tgccagectt caggccacte 180
tcctgtgect gecagaagag acagagettg aggagagett gaggagagca ggaaagecte 240
ccecegttgee cctetggate cactgettaa atacggacga ggacagggece ctgtctecte 300
agcttcagge accaccactg acctgggaca gtgaatcgac aatgcegtcet tetgtetegt 360
ggggcatcct cctgetggea ggectgtget gectggtece tgtctecctyg getgaggatce 420
cccagggaga tgctgeccag aagacagata catcccacca tgatcaggat cacccaacct 480
tcaacaagat cacccccaac ctggetgagt tegecttcag cctatacege cagetggeac 540
accagtccaa cagcaccaat atcttettet ccccagtgag categetaca gectttgcaa 600
tgctcteect ggggaccaag gctgacacte acgatgaaat cetggaggge ctgaatttca 660
acctcacgga gattccggag getcagatce atgaaggett ccaggaacte ctecegtaccce 720
tcaaccagce agacagccag ctccagetga ccaccggcaa tggectgtte ctcagegagg 780
gectgaaget agtggataag tttttggagyg atgttaaaaa gttgtaccac tcagaagect 840
tcactgtcaa cttcggggac accgaagagg ccaagaaaca gatcaacgat tacgtggaga 900
agggtactca agggaaaatt gtggatttgg tcaaggaget tgacagagac acagtttttg 960

ctctggtgaa ttacatcttc tttaaaggca aatgggagag accctttgaa gtcaaggaca 1020
ccgaggaaga ggacttccac gtggaccagg tgaccaccegt gaaggtgect atgatgaage 1080
gtttaggcat gtttaacatc cagcactgta agaagctgtc cagctgggtg ctgctgatga 1140
aatacctggg caatgccacc gccatcttcet tcectgectga tgaggggaaa ctacagcacce 1200
tggaaaatga actcacccac gatatcatca ccaagttcecct ggaaaatgaa gacagaaggt 1260
ctgccagett acatttaccc aaactgtcca ttactggaac ctatgatctg aagagcgtcce 1320
tgggtcaact gggcatcact aaggtcttca gcaatggggc tgacctctece ggggtcacag 1380
aggaggcacce cctgaagcetce tccaaggecg tgcataagge tgtgctgacce atcgacgaga 1440
aagggactga agctgctggg gceccatgtttt tagaggccat acccatgtcect atcccccccg 1500
aggtcaagtt caacaaaccc tttgtcttct taatgattga acaaaatacc aagtctcccce 1560

tcttcatggg aaaagtggtyg aatcccaccce aaaaataact gectcectcecget cctcaaccce 1620
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tceectecat cectggecee cteccctggat gacattaaag aagggttgag ctggtcecctg 1680
cctgcatgtg actgtaaatc cctcccatgt tttetctgag tetceecctttg cetgectgagg 1740
ctgtatgtgg gctccaggta acagtgctgt cttegggcecce cctgaactgt gttcatggag 1800
catctggctg ggtaggcaca tgctgggctt gaatccaggg gggactgaat cctcagetta 1860
cggacctggg cccatctgtt tetggagggce tccagtcette cttgtectgt cttggagtcece 1920
ccaagaagga atcacagggg aggaaccaga taccagccat gaccccaggce tccaccaagce 1980
atcttcatgt ccccectgete atcccccact ccececcccace cagagttget catcctgeca 2040
gggctggetyg tgcccacccee aaggctgccce tecctgggggce cccagaactg cctgategtyg 2100
ccgtggecca gttttgtgge atctgcagca acacaagaga gaggacaatg tcectcectcett 2160
gaccecgctgt cacctaacca gactcgggcece ctgcacctet caggcacttce tggaaaatga 2220
ctgaggcaga ttcttcctga agcccattct ccatggggca acaaggacac ctattcectgte 2280
cttgtectte catcgctgec ccagaaagcce tcacatatct ccgtttagaa tcaggtccect 2340
tctecececcaga tgaagaggag ggtctcetgcet ttgttttete tatctectece tcagacttga 2400
ccaggcccag caggccccag aagaccatta ccctatatcce cttcectectee ctagtcacat 2460
ggccataggce ctgctgatgg ctcaggaagg ccattgcaag gactcctcag ctatgggaga 2520
ggaagcacat cacccattga cccccgcaac ccctcececttt ccectectetga gtececcgactyg 2580
gggccacatg cagcctgact tctttgtgece tgttgetgte cctgcagtct tcagagggece 2640
accgcagcetce cagtgccacg gcaggaggct gttcecctgaat agcccctgtg gtaagggceca 2700
ggagagtcct tccatcctee aaggecctge taaaggacac agcagccagg aagtcccctg 2760
ggccectage tgaaggacag cctgctceccct cecgtcectctac caggaatggce cttgtcectat 2820
ggaaggcact gccccatcce aaactaatct aggaatcact gtctaaccac tcactgtcat 2880
gaatgtgtac ttaaaggatg aggttgagtc ataccaaata gtgatttcga tagttcaaaa 2940
tggtgaaatt agcaattcta catgattcag tctaatcaat ggataccgac tgtttcccac 3000
acaagtctcce tgttctctta agecttactca ctgacagect ttcactctecce acaaatacat 3060
taaagatatg gccatcacca agccccectag gatgacacca gacctgagag tctgaagace 3120
tggatccaag ttctgacttt tceccccectgac agetgtgtga ccttegtgaa gtcgccaaac 3180
ctctectgage cccagtcatt gctagtaaga cctgectttg agttggtatg atgttcaagt 3240
tagataacaa aatgtttata cccattagaa cagagaataa atagaactac atttcttgca 3300
<210> SEQ ID NO 14

<211> LENGTH: 20000

<212> TYPE: DNA

<213> ORGANISM: Macaca mulatta

<400> SEQUENCE: 14

aacatgaaca tggtggcctt gtcagaaagce aagtgtgtgt tgctgaaaca tcagcagaga 60
ttgtcaaagg gataaagaga taacttaaaa gggttcctac tgaccaaaat gagacaagtt 120
ggccatctaa aatcaaatca taattatagt tcaataggac acatttcgtc tcttaaatct 180
tccaatccat aatgaccatc atggcccata acctcaaaag agtaaagtta aaataaagtt 240
cagaaaaggt tagttgcaat aaaacattag ttttattaat tttaacaaga aggggatgaa 300
gctatagatg catttttttt ccttectttta actatgttge cccttacaag gtacagettt 360
gecttatttt tetectgtcetyg agtaaggata aagagtaaag gcecgggcatg gtggctcaca 420

cctgtaatte cagegetttg ggaggecgag gcaggaggat cacttgagge caggagtttg 480



US 9,340,784 B2
137 138

-continued
agaccagcgt ggccaacatg atgaaatctc gccactacta aaaatataaa aattagttgg 540
aaatggtagc gcatgcctgt aatgccagct actctggagg ctgaggcaca agaatcactt 600
gcaattccgg aattcaggag gtggagtttg cagtaagcca agattgcgec actgtaactc 660
cagcctgggt gactgagtga gactctgtct caaaaaaaga agaataaaaa caagaagttg 720
tgagtaggcc aaatagttcc agaaaaagca gaaatccacc acccccccga cacacaggaa 780
gcggctcagg aggtgacgca gagaaggaaa gtgtgtctge tggggttttg caagttggtt 840
aatttgaaag atccctcaag gaggtaaaca aatggtgcaa acttcattca ttcatctcct 900
ggaagataaa cttcgaacac ccaactaacc ccaccaatta aatgagttaa aggaagacag 960

acacaagtgt caattatgct aacagagctc tgtgttaaat accccaccag catcgcctca 1020
tttaagcctce acaactatgt gggaaagaga cttttatccc cattttacag ataaggaaac 1080
caattctcag agaactgagg ccctccccca gatccaagtce cgcttagcte cagtcaccce 1140
acgtcctetg catgtcacag gtgctcagaa agatgcagat gcaccttcag gaagccaaaa 1200
tgagcagagc ccctaaagag cggattgacg gcctcetttet ggaaaaaatg gaagtttgaa 1260
tctgaggagg tatccctcaa caacaggtgce tgctcaccaa gtctggggcece aaacgcagca 1320
gctgttcectee cacttagace cctgagacct gtctataagg tttttcagag cgaggacaca 1380
tcecccaaagg ttgtggctte tggtggttag cattgacttg gggcccatce catgccagag 1440
gctgeccgaa gtgcttaaat gttattacct catttgatcect tcacaatcct aacggaagtyg 1500
actcttctaa gagtctcect atctcacaga tgagggaacc gaggcacaga gaggttaagt 1560
ggcttgtcta agagctcaca gaaagagcgg tggagctaag gcecttgacccce agatgttaga 1620
tcctgageee atgcetttaac cagtgacctg cactgcectec caaagaagga agctggtgec 1680
tgggagggag ggtgcagagc gagggtgtgce atggtgcatg tgtgtgtttg tggggtggec 1740
agcactcttc ggggcacttt gccaatgagt tcagctcceccce tgaagtccac tgttgctcete 1800
ctgaccagtc actcagtctg gatttacttg gcccaaggcce attggcacca gectggccaa 1860
cattgtggcce aggcttaccce ccttacccge ttecttgetg cagaccccaa atcttgactce 1920
ctacatccct atccagccta caccacgagg ctcecccatcecte cgggcagggce cctgtgatgg 1980
gtcagggect ccccagatge ccecttgttca ttaccagctce acaggatctt cccatgacge 2040
atttcctetg aggggatcag cccagatgct gcaatagaca attctggaag taaccgagtg 2100
gacaagactt tccccatcgt gteectggggt tecctggggte acagtgtcecct tgtgaatgge 2160
cactgagtgc tcccacctece ccecttaccgcee cggggttttg tectggtgca tttteccaga 2220
tcatcccage ccttectecee aggatggatg tccagagcag ggcaagggct gagcectagag 2280
ccetggaace aaaagaacag gaccccaaat tctgageccce ttacttgcce cacctgetcece 2340
cacccatgcet ttcttcatte ctectcecaaa tgccccaget ceccactgca atccecttcetg 2400
cacccagcca ggtcectatga cacacaccte cecagtgcac acagacctge ccagecgcag 2460
ggctgcccac tgggcatgte ataggtggct cagtcecctctt cectcetgcaa ctggccecag 2520
aaacctgcca gatgttggtg ccaggtctgt gccagaaggg caaggcctgt catttctagt 2580
aatcctetgg gcagtgtgac tgcacctttt acggcagcetc aaagggagag ggtgactcegt 2640
cctgggtcac agagctgaca gggcgggtag aacaggtgat atgcagggcet ttcectgagttt 2700
atgagggccce agtcttgtgt ctgcctggca atgggcaagg ccccttectg cccaagectcece 2760

cegecectee ccaacctatt gecteegeca ceegecaccee gaggccaact tceetgggtgg 2820
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gcaggaactyg ggcectgtge ccagggegtg cactgectcee acgcagcaac cctcagagta 2880
ctgagetgag caaaggagga ggaggggatce agcactctga ggaaggccta gccactgcetg 2940
ctgccaggaa ttccaggtag gaggggegge aaccttetge cageccccag gccactcetee 3000
tgtgectgee agaggagacg gagcttgagg agagcaggaa aggtggaaca atgctgetge 3060
tgctcactct gttccacaga tgggagggac agtggggcett ggagtggggg tcatggcaca 3120
gatgggaaaa tgaaggctca gagaggggaa gaaatgccca ggaggtaccg agggcaggeg 3180
acctcaacca cagcccagca ctggagcetgt gagtagacgt agagtagcag aatatccatt 3240
cagccagete aggggaagga caggggcecct gaagccaagg catggagcetyg gcagggaaga 3300
gagctcagag agaaggggag gggagtctga gctcagtttce ccactgcctg aaaagagggt 3360
ggtacctact cccctcacag ggtaactgaa tgagactgcec tggaggaaag ctcttcaaat 3420
gtggcccace ccaccccagt gaccectgac atgggggagg aaggacagca tcagaaggga 3480
cttteceggge acacccagca cccagctcectg agetgtectt gaactgttge attttaatce 3540
tcacagcagc tcaacaaggt acataccgtc accgtcccca ttttacagat ggggaaattg 3600
aggctcagag cagttaaaca actcacctga ggcctcacag ccagttaagt gggttceccctg 3660
gtctgaatat gtgtgctgga ggatcctgtg ggtcactcge ctggtagagce cccaaggtgg 3720
aggcataagt gggactggtg aatgacagaa ggggcaaaaa acacactcat ccattaattc 3780
tggaagtatc cacggcacgt acgccagctc ccaagcaagt ttgcacattg cacaaagggt 3840
gatgcaatct gatttaggct tttaaaggga ttgcaatcaa gtggggccct actggcctca 3900
accctgtace acccectceect tecatceccca gtagtcecca aagacctcca tcaaccccag 3960
gatgggggcc gtattcccaa agaaaatcca agctgtatac gcatcacact gattttcecag 4020
gagcagaaac agaaacaggc ctgaggctgg tcagaattga accccctect getctgagea 4080
gcctgegggyg caggctaage agagggcetgt gcagacccac ataaagagtc tactgtgtge 4140
caggcacttc acccaaggca cttcacaagc atgcttggga atgagacttc caactctcta 4200
ggatgcaggt gaaacacttc ctggttcaaa caggtgaagc ggcctgcctg agacagcatce 4260
acgcttettt acaggtttge tcectcccacct ctaccctgte tcatggtcce ccatgcecggce 4320
ctgacgcttg tgtctgccte agtcatgcte cattttteca tccggacaat caagagggtt 4380
tttgtgtcta aggctgactyg ggtaacttcg gatgagcegge ctctcectgcte tgagectcag 4440
tttcctecate tgtcaaatgg gcectctaacce actcectgatet cccagggcgg catcagtcett 4500
cagcatcagg catttcgggg tgaattagta aatggtagat cttgctacca gtggaacagc 4560
cgctaaggat tctgcagtga gagcagaggg ccagcaaagt ggtactctcecce cagcgactgg 4620
ctgactcacg ccacccceete caccttggac gcaggacact gtggtttctg agccaggtac 4680
aatgactcct tttggtacgt gcagtggagg ctgtatgcetg ctcaggcaga gcgtccggac 4740
agcgtgggeg ggcgactcag cgcccagcect gtgaacttag teccctgtttg ctectecggt 4800
aactggggtg atcttggtta atattcacca gcagcctcecce cecgttgcccece tetgcaccca 4860
ctgcttaaat acggacaagg acagggctct gtctcecctcag cctcaggcac caccactgac 4920
ctgggacggt gaatcgtaag tatgcctttce actgcgagag gttctggaga ggcttcectgag 4980
tcececacgg cccaggcagg cagcaggtet ggggcaggag gggggttgtyg gagegggtat 5040
ccgcecegetyg aggtgccggg cagatggagg ggctgcaget gggctcectat tgtcgtaata 5100
acagcagcca tgagggttgt gtectgectte ccagtcecctge cecggtcecccca ctcagtacct 5160
actggtggat acactggctt ttgtaagcag aagtgcacga gggtgtctag ctccgceggtce 5220
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ctggcacccce aagatacagc aacagcaagg aagcgcagcc atttcectttet gtttgtgecag 5280
ctecctgtgte tgtcaggggg ttectatctg ttgtctectg taagecctcac cacctcectect 5340
actacttgga cacgcatctt tttccectte tatggatgag gaggttaagg ttcagggagg 5400
ggtgaggagyg aacgccggct cacattctcece atcccectceca gatacggeca ggaacagacce 5460
tgtgccaggt ctcagcctta catcaagatg ggtctcccecce tgcactgtgg acctcetgggce 5520
cctectgtee cagtggagga caggaagctg tgaggggcac cgtcacccag ggttcaagcet 5580
ggcattcetg aataatcgct ctgtgccagg ccacggctaa gctcectgtgca cgattaagece 5640
tcataaccct ccaaggcagt taccagggtg attcccattt tacagatgag gaagttgggg 5700
accgagtggt taataactgg ccccaaatca cacaccatcc ataatttggg ctcaggcacc 5760
tggctecagg ccccgaaate ctgagectgg ccectagtget caccgtttet ctcaggtcete 5820
aggcgctgga tggggaacag gaagcctggg ctggacttga ggcectcectctg atgecteggtg 5880
acttcagaca gttgctcaac ctctctgtte tcttgggcaa aacatgataa cctttgacct 5940
ctgtccecte cectcaccee acccgacctt gatctctgga gtgttggaag aatttaattt 6000
ttecctgcact gagtttggag acaggggtca aaaagctgac caaggccaag ctggccagtt 6060
tceccatagaa cgcectctaaa agacctgcag cactagcagce aagaactggt attcttgaga 6120
acttactgtg caccaggcac ttcttggtat tttgtgcata tttaatttca caataactct 6180
atgacaaagt ccacctttcect catctccagg aaactgaggt tcagagaggt taagtaacgt 6240
gtccaaggtc acacagttaa tagcaagttg atctggagca atctggcctg agagcctceta 6300
attctagcca caaactgagg ctgcccectcet tcatttagec aggccaccte tgaaatctte 6360
tggttcaaga cttctggctce cagctttgta cacagagact attaaatgtc aggttttgca 6420
gtcacatctg tttaatccca gacaaaacat ctgggattaa atctcagttt tgtaagcaag 6480
tagctctgtg atttttagtg agttatttaa tcctectttgg cctcaatttt tetgtcectata 6540
aaatagggtt aatcatttgc acctcatagg gtaagctttg aggacagatt agatgataca 6600
gtgcctgtaa atcgectggt gttagtaagt gtggcaatga tggtgacact gaggttgatg 6660
tttgcttage ataggttagg cagctagcag gcagtaaaca aatacttgga gaatttaatg 6720
gaaaattggc caaactcaga tgctgttcac tgctgagcag gagccccctce ctgctgaaat 6780
gggtectggyg gagegcagca gctggcagga agaaatctge catctetegg gcaggagetce 6840
aacctctgtg caggcacagg gacggcttce gcacctggtg cccactcacg cattacgtca 6900
gttattccte atctctctee aagggattct tttctceccact gtatagetct gaagccaatg 6960
ctcacagaag tgaagtcatt taccccgggce ccecctgecag taagtgacag ggcctggtca 7020
cacttgggtt tatttattgc ccatttcaac aggtcgtttg accataggcg agattctcett 7080
ccetgcaccee tgcectgggttg ctettggtcee cttattttat getceccegggt agaaatggtg 7140
tgagattagg caggaagtgg cttgcttcce tcteccecctgge cctgcaaagg gtgctceccac 7200
ctgccccagt tccagaaatg tcaccatgaa gtcecttcattce ttcectgtttta aagcecttggcece 7260
tcagtgtcca tacaccatgg ggtacttgac catctacttt ctcctcectceca gecgecctee 7320
caggcactag cttttgaggg tgcagggtgc tgcctctgat agaagggccg ggagagagca 7380
ggttttggag tcctgatgct atgaggaaca gcttgggagyg cataatgaac ccaacacgat 7440
gcttgagacce aatgtcagag cccaattcectg ccattcatca tcetgagattt gagggcacag 7500
ctgtctcagt ccgtgatctg agtgctggga aagccaagac ttgttccage tttgtcacca 7560
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acttgctgta tggcctcgac aaggccctga ccctectetgg gettcaaact cttcactgtg 7620
aaaggaggaa accagaggag gtgatgtgac gccagaaaag atggatgggt gtggggaatt 7680
gtgctcctee cagetgtcac ccectcteca cectecectge accagectceg ccacctectt 7740
cgagcccagce agcectcecctgt ctaggagggt gcectcettete catctgtttt getacatcga 7800
acccagatgce cattctaacc aagaatcctg gctgggtgca gtgacactca cctgtaacce 7860
cagcactttg ggaggccgag gcaggcggat caagaggtca ggatttcaag acctgcctgg 7920
ccaacatggt gaaatctcgt ctctactaaa aatacaaaaa ttagccagat gtggtggcat 7980
gtgcctgtaa tcecccagectac ttgggaaact gaggcaggag aactgcttga acctgggagg 8040
cagaggtttc agtgagccaa gatcacacca ctgcactcta gecctggggga taaagcgaga 8100
ctctgtcectca aaaaaaaaaa aaaaaaaaat cctatgttag cgtacagagg tccccagtga 8160
ggtcttctee cageccccact ttgcacaact ggggagagtyg aggccccagg accagaggat 8220
gcttactcaa ggccaaacgg atagtgatgg ccctgccagg actagaagcec acaacttcetg 8280
gccctaagge cactcagcegt atttagtgtce cccaccctge agaggcccaa ctcecectectg 8340
ccetetgage tetgtaatga tgggggaatt tcecataaacce atgaaggact gcacaaaatc 8400
cagctgggaa gtgaaagaga aacctaaggg agatggaaat atacagcact aattttagca 8460
ccgtcecttcag ttctaacaac actagctagt tgaagaaaaa tacaaacatg tattatgtag 8520
tgtgtggtce gttccatttyg gattacttag aggcaagagg gccaggagaa aggtggtaga 8580
gagaaaccag ctttaggctt cattttgttg ctttactgga aagaaacttt taacagtcca 8640
ggggggtcaa tgaatctcaa tatttgttat ttccaacttt tttctccagt gtttcattte 8700
ccaaattcaa ggacacattt ttctttgtat tttgttaaga tgatgatttt acttttgtga 8760
ctagtagtta actatgtggc tgccaggcat attctcctca gectaggacct cagttttece 8820
atctgtgtag acagcaggtt ctacttaggg ggctgcagat tgatggtccg aagtctgggce 8880
atatctggag tagaaggagc actgtggggc atggcaggct ctgcgttget gtggatgaca 8940
ctgactttga ccattgctca gcagagcctg ctcectegecgg ttcagccaca ggccccacca 9000
ctccctattg tectcagccece agctatgaaa catgtattcecce tcactggact atcacctgaa 9060
ggctttgaat ttgcaacacc tgtcaacccc tccctcaaaa gggttgcecct ctcagatcect 9120
tttgatgtaa ggtttggtgt ctagacttat ttcactaaat tcttccaaca gcctcacttt 9180
atgtatgagg caaaatgagg accagggaga taaatgacgt gtcctggctce atacacctgg 9240
aaagtgacag agtcagatta gatcccaggt ctatctgaag ctaaaagaga tgctttttca 9300
cttcccacca cgcccatcte ctttaaagca gcacaaagcce ttgcttcaca ggagagatga 9360
gcttectcectaa agtccecctgac agcaagagcec cagaactggg acaccattgg tgatccagat 9420
ggcaggtgag ctgactgcag ggacatcagc ctattcttgt ggctgggacc acagagcatt 9480
gtggggacag ccccctectet taggaaaaaa ccctaagggce tgaggatcct tgtgagtgtt 9540
gggagggaac agctcccagg ggatttaatc acagccccac catgctctag ctggtgcecat 9600
tgtgcaagat gcatttcecct tetgtgcage agtgtcectg geccactcaac agtgggatta 9660
gatagaagcc ctccaagggce ttctagettg acgtgattet tcattctgat ctggcccgat 9720
tcetggataa tcecgtggccag geccattcect cttettatge ctcatttget tettttgtaa 9780
aacagtggct gtaccacttg catcttaggg tcattgcaga tgtaagtgga gctgtccaga 9840
gcctgggege aggacctaga tgtaggattce tggttcectget actttacttce ctcagtgaca 9900

ttgaataggt gacctaatct ctctggtttt ggtttcttca tctgaaaaag aaggatagta 9960
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gcatcagcac ctcacaggat tgttacaaga aagcaatgag ttaacacatg tgcgcacgta 10020
gaacagtgct tggcatatgg taagcactac atacattttg ctattcttct gattctttca 10080
gtgttactga tgtcagcaag tacttggcac aggctggttt aataagcctt aggcacttcce 10140
acgtggtgtc aatcccgggt cactgggagt catcatgtge cctgactcecgg ggcctggecce 10200
ccgtectetgt cttgcaggac aatgccatct tctgtctcat ggggegtcect cctgetggeca 10260
ggcectgtget gectgctcece cggcectcectetg getgaggate cccagggaga tgctgcecccag 10320
aagacggata catcccacca tgatcaggac cacccaaccce tcaacaagat cacccccage 10380
ctggctgagt tcggcttcag cctataccge cagctggcac accagtccaa cagcaccaat 10440
atcttettet cecccagtgag catcgctaca gcctttgcaa tgctcectcecect ggggaccaag 10500
gctgacactce acagtgaaat cctggagggce ctgaatttca acgtcacgga gattccggag 10560
gctcaggtec atgaaggctt ccaggaactc ctccataccce tcaacaagcc agacagccag 10620
ctccagcetga ccaccggcaa cggcectgtte ctcaacaaga gcctgaaggt agtggataag 10680
tttttggagg atgtcaaaaa actgtaccac tcagaagcct tctcectgtcaa ctttgaggac 10740
accgaagagg ccaagaaaca gatcaacaat tacgtggaga aggaaactca agggaaaatt 10800
gtggatttgg tcaaggagct tgacagagac acagtttttg ctctggtgaa ttacatcttc 10860
tttaaaggta aggttgcaaa accagcctga gctgttccca tagaaacaac caaaaatatt 10920
ctcaaaccat catctcttga actctecttg gcaatgcatt atgggctata gaaatgcatg 10980
tcagtgtggg ctcttcaatt ttctacacac aaacactaaa atgttttcca tcattgagta 11040
atttgaggga ataatagatt aaattgtcaa aaccgctgac agctctgcag aactttccag 11100
agcctttaat gtccttgtgt gtactgtgta cgtagaatat ataatgctta gaactataga 11160
acaaattgta atatactgca taaagggata gtttcatgga acgtacttta gacgactcta 11220
gtgtcccaga atcagtatca gttttgcagt ctgaaagacc tgggttcaaa tcccegectcet 11280
accactatta gcttttgaca ccgaacaatg cattctacct ccttgaggtg ctaatttcce 11340
atcttagcat ggacaaaata gtttttttta ggattaaaca agtgacaaac accttgggaa 11400
aagtgtggca tacagtaggt ggtgggctcc tctgtatcte aggctgectt cctgecccctg 11460
aggggtgctce ttgaggcaaa ggagggcagt ggagagcagc caggctgcag tcagcacaac 11520
tggggtcectg getcetgcectgt ggcttaggge aggccceggt cectectceccag ccccagtcte 11580
cteccttetgt ccaatgagaa agctgggatc ggggtccctg aggcccecctgt ccactetgceca 11640
tgcctegatg gtgaagctet cttggcatgg cagaggggag gctgctcagg catctgcatt 11700
tcecectgeca atccagggga taaagaaaac cctcaggaat agtaagcaga atgtttgecce 11760
tgaatgaata actgagctgc caattaacaa gaggcaggga gccttagaca ggaggtaaca 11820
aatatgcctg atgctccaac attttatttg taatatccaa gacaccctca aataaacata 11880
cgattccaat aaaatgcaca gtcaggatgg catctcttag ccttacatct ctgcgatgta 11940
gaaattctgc atcttecctcet agttttgaat tatctccaca cagacctttt tggcagcectg 12000
gatggttggt ttcagcacct tttgcagatg atgaagctga ggcttgaggg atgtgtgtcg 12060
tcaagggggt tcagggcttc tcagggaggg gactgatgge tcectttattce tgccacacte 12120
ttccaaacct tcacccaccce ctactgatgce ccgecttace ctcectetgtece aggcaaatgg 12180
gagagaccct ttgacgttga ggccaccaag gaagaggact tccacgtgga ccaggcgacce 12240
accgtgaagg tgcccatgat gaggcegttta ggcatgttta acatctacca ctgtgagaag 12300
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ctgtccaget gggtgctgcet gatgaaatac ctgggcaatg ccaccgccat cttcecttectg 12360
cctgatgagg ggaaactgca gcacctggaa aatgaactca cccatgatat catcaccaag 12420
ttcctggaaa atgaaaacag caggtgattc cccaacctga gggtgaccaa gaagctgcce 12480
acacctctta gccacgttgg gactgaggcce cgtcagaact gaccagaggg ttggagaggg 12540
tgaacactac atccctgggt cactgctact ctgcataaac ttggcttcca gaatgaggcece 12600
accactgagt tcaggtggca ccggccatgce tccatgagca ggacagtacc caggggtgac 12660
gaggtaaagg tctecgtecctt ggggacttcc cactccageg tggacactgt cccttecccaa 12720
tatccagtgce ccaggacagg gacagcagca ccaccacacg ttctggcaga accaaaaggg 12780
aacagatggg cttcctggca aaggcagtag tggagtgtgg agttcaaggg tagactgtcce 12840
ctgtggggat gggggaagag cctgtgtggce taggcccaga aaagcaaggt tcaaaattgg 12900
aatagccagg gcatgttagce aaaaggcttg agtttctcetg tcactttatc ggtgectgtta 12960
gattgggtgc cctgtagtaa atgatactcc aatatgagtc acacattagt gtgtctgtgt 13020
gcattcgtaa ttatgcccat gccctectat ctagtttatt ttgtacactg taaaaccaag 13080
atgaaaatac aaaaggtgtt gggttcataa taggaattga ggctggaatt tectttgttte 13140
acgccagcac ctcctgaggt cecctgctcecca ggggttgaga aagaacaagg aggctgagag 13200
ggtaactgat cagagagccce aaagccaggce tgcccgctca caccagaccce tgctegggge 13260
ggctectgtet ccccatggaa aacaagaggg gagcactcag cctggtgtgg tcagtcecttet 13320
gggggcactg ctaccagcce atgttcectet gggtatagga ccctggggat gtttcagget 13380
gggggcccag tgaccaaaca ctacagggca ggatgagaca tgcttccagt acacctagaa 13440
tctcagagga ggtggcattt caagctttca tgattcattt gatgttaaca ttctttgact 13500
cagtgtagaa gagctaatag tagaacaaac caaagccaag ttcccatgtt agagtgggtg 13560
gaggacacag gagtaagtgg cagaaataat cagaaaagaa aacacttgca ctgcggtggg 13620
tceccagaaga acaagaggaa tgctgtgcca tgccctgaat ttettttetg catggcaggt 13680
ctgccaactt acatttaccc agactggcca ttactggaac ctatgatctg aagacagtcc 13740
tgggccacct gggtatcact aaggtcecttca gcaatggggce tgacctcteg gggatcacgg 13800
aggaggcacc cctgaagctce tccaaggtga gatcaccctg atgaccctgt tgcaccccgg 13860
gatctgtagg gaaggatgta tgggggctgce agttctgtec tgaggctgag gaaggggcca 13920
agggaaacaa atgaagaccg aggctgagct cctgaggatg cccgtgattce actgacgcgg 13980
gacgtggtca gacggcaaag ccaggcaggg gcctgcectgtg ctgectggcac tttcagggcece 14040
tcecttgagg ttgtgtcacce gaccccgaat ttcatctttg cccaggacct tctagacatt 14100
gggccttgat ttatccatat tgacacagaa aggtttggge taagttgttt caaaggactt 14160
tgtgactcct tcgatctgtg agatttggtg tctgaatgaa tgaatgatgt cagctaaaga 14220
tgactcttce tttggaaaac taaaggtgac caaagaacaa ctgcagttcc gtgaacgget 14280
gcgttgtett gggatctggg cactgtgaag gtcactgtca gggtccatgt cctcecgaggag 14340
cttcaagctg tgtgctagaa aggagagagc cctggagaca ggcgtggagt ggcgatgcte 14400
tttcecectte tgagttgtgg gtgcaccctg agcaggggca taggcgcttg tcaggaagat 14460
agacagaggg gagccagccce tgtcagccaa agccttgagg aggagcaagg tctgtgtgac 14520
agggagggag aggatgtgca gggccagggc tgtgcagcegg gagaaaggcc tgagtgaaca 14580
cttecectggga ggtgtccacg tgagecttge tccaggectg ggctggggca caactcagece 14640
ttagaacatg tctctgctte tectcecttee aggccgtgca taaggcectgtg ctgaccatceg 14700
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atgagaaagg gactgaagct gctggggcca tgtttttaga ggccataccc atgtctatte 14760
cceccgaggt caagttcaac aaaccctttg tcttcecttaat gattgaacaa aataccaagt 14820
ctccectett catgggaaaa gtggtgaatc ccacccagaa ataactgcect gtcactccte 14880
agcccectece ctceccatcect ggcccectee ctgaatgaca ttaaagaagg gttgagetgg 14940
tcectgectyg cgtgtgtgac tgcaaaccce tcccatgttg tectetgggte ttectttgee 15000
tgctgaggcce gtgtgtggge tccaggtcac agtgctctcet ccggacccce tcaactgtgt 15060
tcatggagca tctggctggg caggcatatg ctgggccagg atggaggggg ctgaatccte 15120
agcttacgga cctgggccca tetgtttetg gagagctcecca gtettecttg tectgtettg 15180
gagtccctaa taaggaatca caggggagga atcagatacc agcccatgac cccaggctcce 15240
tccaagcatce ttcatgtcecce cctgctcate ccccactece cgccacccag agttectcat 15300
cctgeccaggg ctgcctgtge ccaccceccaag gctgccctee tgggagcecccg agaactgect 15360
gaccatgccece tagccctgtt ttgtggcatc tgcaacaaca aaagagagag gaccgtgtcce 15420
tcttettgte ccactgtcac ctaaccaggce ttgggccegg cgectettgg gcacttetgg 15480
aaaacaactg aagcagattc ctcctgaagc ccattctcecca tggggcgaca aggacaccta 15540
ttetgecectt gtcecttcecat cgctgcccca taaagcctca catgtctcag tttagaatca 15600
ggtceccttet cctcagatga agaggagggt ctctgettet ttttcectcectat ctectectca 15660
gactcaacca ggcccagcag tccccacaag accattaccce tatatcceccectt ctectecceccta 15720
gtcatgtggc cataggcctg ctgatggctc acgaaggcca tcgcaaggat tccccagcta 15780
tgggagagga agcacagcac ccactgaccc ctgcaaccce tctetttete cectgagtece 15840
tgactggggc cacatgaagc ctgacttctt tgtgcctgtt getgteccctg cagtettcag 15900
agggcagccg cagctccagt gccatggaag gaggctgtte cggaatagcc cttgtggtaa 15960
gggccaggag agtccttcca tcectccaagg ctcectgctaaa gggcacagca gccaggaggt 16020
ccectgagece cccagctgaa ggacaggcetg ctcecectetgt ctctaccagg aattgecttg 16080
tcetgtggaa ggcactgacce catcccaaac taatcttgga atccctgtet aaccactcac 16140
tgtcatgaat gtgtgcttaa aggatgaggt tgagtcaaac caaatagtga tttttgtagt 16200
tcaaaatggt gaaattagca attcaacatg attcagccta atcaatggat accaactgtt 16260
tceccacacaa gtctectgtt ctcecttaaget tactcagtga cagcectttca ctctecacaa 16320
atacattaaa gatatgaccg tcaccaagcc tcctaggatg acaccagacc tgagagtctg 16380
aagaccggta tcccecctgec agetgtgtga ccttcatgaa gtcecgccaaac ctttetgage 16440
cacagccegtg gccagtaaga cctgectttg agttggtacg atgttcaagt cagataataa 16500
aacaccgttt acacctatta gagcagagaa taaatagagc tacatttctt gcatttatga 16560
gctttetgtyg aatcagacat ccctgtgaag aacctceccctg gctatttcecte atttaataac 16620
tgtagcagca ctgtgatgtg tgagtagatc cgctgtgctce ttaaactcca aatctacata 16680
tgaggaaact gaggctcaga gaggctgctg gtctcccaca atgtcacata gttcataagt 16740
ggcaaagctg gcttgatggg ctactcgttce ctctgaacca caccacctca ccacactcte 16800
ccettegagg gtcatgctaa acttcetgcag agctaattcece tceccttaaacce ataagggttg 16860
ctggtggccce acagctcacg cctagcacgce ttcatgagaa aaacgccctce cacccaatgt 16920
ggagcaggcce ctgagctgaa ggtggtgagce agaagctcat ccaccagatg ttgacacage 16980

ccgeggectt gggcgaccca caggactcect cttatttaac tggcatttgg taggagaaca 17040
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ggggcagagt caaagacaag tgggctttcc ggagcagcca ggacagggaa ggaggctgca 17100
gtgctgaggg catcacctta gacaccatcg ttttactttg aagaatcgtc tgtcacacac 17160
gagttgacag tccggttggg agagactcca ttcaaaccag cataagctcc cagaggaatt 17220
cctgggetece tgtgggaatc aacagggatc agtcaggggt gggcagagtg tcatgacaac 17280
ctcattagga ggaagacaaa tacatgtcac aagtccgtga ggcaacagcc ataagacctce 17340
agcttcactg tatcttccag agttttttaa aaaatgcatt cactgtctaa tgtgatccte 17400
cagacaggtc ctgcaggact cagcctagga atcattatcce ccaaagtaca catggggaaa 17460
ctgaggccca gcaggtcaaa tgctctgtcee agtgtgggce tggaaggcag gacttcectceg 17520
ctcttaggcce tggctgtcece caactgcaca cacttcctca gtccatatgg gatcacgata 17580
aaaactccat cctccagaac cgcactgcegt caacctgcectg tgctctaaca acagctgaag 17640
gccgagcectge ggggcatcecct gggtgtteceg agtcagttte ccactgcagg caggaaccte 17700
atcctgetcet gaaacagatg agagggaaac acggaaaaca gctgcgagct cagccgggaa 17760
cctcagagtc atgacctttt accccaccta ggagtttgca ggggacagaa cacacgaatt 17820
tgagatttta agcctaaaca aaggaagcct tggtttgaag tgcaagctct gccagacaga 17880
gggcaccetyg tgagccccat ttgttaagag gacgatagtc agggagcttc taggttctca 17940
caccagaaat gggaaataca gattatacat tgatctcctt cccaggagca acttgatcct 18000
cccataaatc cgagcaggca gcatttattc aaacaacaaa caagcaaaca ggagctgcgt 18060
atgggggata gagagatgaa acccaggtcc gtcecctggga gagtgctgat ctacggeggt 18120
ggggaacggt gaataaacga ggcgtgcgtc catggatctg ggtggagagg gtcagggtge 18180
agcccgggac ctttccagag gegtaagaaa tgatcagtat acacccgcag atgacctcaa 18240
acaccccaag ggctecttga aaggctgagg cctttgtgtt gttettggtt ggaaaattca 18300
caggcagtgg agtgaacaag gcacacggca ggactcagag ccagggacag cttctgcagg 18360
aacccggcte agttctaaaa ggacaaatgg aatgaccctg agtaaagaag tcagagaagg 18420
gcaccctcac tgaggcaaac tcecctcccca gcagggacee agcagcaacce caaaaaagca 18480
ggagtctcac ttcatcatca tatgggagag ggcaggctgt gtgatctcag ggaagttcecct 18540
caacttctct gtgccatagt ttcecctcatct gcaaaatgta aatcgaattt gaggtctcga 18600
tgaaatgtct tatttctcta aagtcecttg tcecttgtece atgcagcecta gaaatcttcece 18660
tctggectag ttgtggagec aaggatagac cgggcctgaa tcttacattg ctggagatgg 18720
tgaagctgac cagcatgaga ggtcaggttt tagaagccca aatcccagca ggcataagcecc 18780
tcaccctecca atatcagett tatcagaaac aaaaaaataa catgtcatat ccatttgccce 18840
ttttececttaa atgagtagca cttgggcagg gcagaggggce tgattatcca agctgggaag 18900
acgctgacag cagacgcttc aatggcagtc taggagtttt ctgataactg tcattggtat 18960
cacacttact attgaaatcg tgacatcagg aatgatgaaa ggaactagag tcacatggtc 19020
tggagcaggg aagtgaggag ctgaaacctc cttcaacctg gttgectgtgt ccccagggtg 19080
ggtaaagccc ctectgttcat cccacatgga acaaatagag tggaatcagt ccttgctaaa 19140
gggttgaaga actgagctgt gagcttcttg attgctgcag cacaatcctt gcccatcctg 19200
actgatataa ccagaattcg tgaaatgcat caaataagtc ttcaactact atgcaagcct 19260
gggagggtga ctaagatctg aaaaacacaa ggaaagctaa aggaattccc acaaggaaac 19320
tccattagaa agttctagtt acaaggtact cagcacaggc catgcagaaa taagcccaga 19380
tceggtggtyg agcaggaaag ggtggggatg tgagtgctga gccacacagg agagagtaat 19440
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agaggctcaa gccagcaagg ggacggccac caccccacgce agtgttggec aacagtttcece 19500

ggggcatttyg ctctcagaag tcaaagctga ttttccagaa ttgaagtgct cattgtttgg 19560

gatgatttag gaacaacatc agcaaaaacg aatgaacaat cagggctaat agaattgtgt 19620

ttaaactctg ttgggcttecc ttgacagagg gcacggggag caaaaaaagt cagcagtgtg 19680

tattaagtaa aaaaactttt tttccctttt aattggcagt taataccctc aaaatatgtt 19740

ctgagattga tcaagtaagt gtccttcgge attaaaatat taggatgcaa ttgctaaggg 19800

cttcttagca aagttgaaag aacacaggaa tcccaactcce actgtctcect tagcatgcaa 19860

tcetgagtgg getgttacag ctgtetgtge ctcagcgece tcacctgcaa gacaggtaaa 19920

ataataccta actcctaggt tacttttgtg gattaatgtg caaagcgtca ccctaaaaaa 19980

gtgctgctac ttaaatgacc 20000

<210>

SEQ ID NO 15

<400> SEQUENCE: 15

000

<210> SEQ ID NO 16

<400> SEQUENCE: 16

000

<210> SEQ ID NO 17

<400> SEQUENCE: 17

000

<210> SEQ ID NO 18

<400> SEQUENCE: 18

000

<210> SEQ ID NO 19

<400> SEQUENCE: 19

000

<210> SEQ ID NO 20

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide
<400> SEQUENCE: 20

tggtgctgtt ggactggtgt 20
<210> SEQ ID NO 21

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide
<400> SEQUENCE: 21

gatattggtg ctgttggact 20



US 9,340,784 B2
155

-continued

156

<210> SEQ ID NO 22

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 22

ggctgtageg atgctcactyg

<210> SEQ ID NO 23

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 23

gggtttgttyg aacttgacct

<210> SEQ ID NO 24

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 24

ccacttttee catgaagagg

<210> SEQ ID NO 25

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 25

ttgggtggga ttcaccactt

<210> SEQ ID NO 26

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 26

ctttaatgte atccagggag

<210> SEQ ID NO 27

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 27

tctttaatgt catccaggga

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

20

20

20

20

20

20
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<223> OTHER INFORMATION: Synthetic oligonucleotide
<400> SEQUENCE: 28

ttctttaatyg tcatccaggg

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 29

cttectttaat gtcatccagg

<210> SEQ ID NO 30

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 30

ccttetttaa tgtcatccag

<210> SEQ ID NO 31

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 31

cccttettta atgtcatcca

<210> SEQ ID NO 32

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 32

acccttettt aatgtcatce

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 33

tcaaccctte tttaatgtca

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 34

ctcaaccctt ctttaatgte

20

20

20

20

20

20

20
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<210> SEQ ID NO 35

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 35

gctcaacect tcetttaatgt

<210> SEQ ID NO 36

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 36

agctcaacce ttctttaatg

<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 37

cagctcaacce cttcetttaat

<210> SEQ ID NO 38

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 38

ccagctcaac ccttetttaa

<210> SEQ ID NO 39

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 39

accagctcaa cccttettta

<210> SEQ ID NO 40

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 40

gaccagctca acccttettt

<210> SEQ ID NO 41

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

20

20

20

20

20

20
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<400> SEQUENCE: 41

ggaccagcte aacccttett

<210> SEQ ID NO 42

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 42

gtcectttet tgtcgatgg

<210> SEQ ID NO 43

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 43

cctteectga aggttectee

<210> SEQ ID NO 44
<400> SEQUENCE: 44

000

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 45

ggagatgctyg cccagaagac

<210> SEQ ID NO 46

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 46

getggeggta taggcetgaag

<210> SEQ ID NO 47

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Probe

<400> SEQUENCE: 47
atcaggatca cccaacctte aacaagatca
<210> SEQ ID NO 48

<211> LENGTH: 20
<212> TYPE: DNA

20

19

20

20

20

30
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<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 48

ggagatgctyg cccagaagac

<210> SEQ ID NO 49

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 49

getggeggta taggcetgaag

<210> SEQ ID NO 50

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Probe

<400> SEQUENCE: 50

atcaggatca cccaacctte aacaagatca

<210> SEQ ID NO 51

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 51

gaccaccgtyg aaggtgecta t

<210> SEQ ID NO 52

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 52

ggacagctte ttacagtget ggat

<210> SEQ ID NO 53

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Probe

<400> SEQUENCE: 53

atgaagcgtt taggcatgtt

<210> SEQ ID NO 54

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 54

tctttaaagyg caaatgggag aga

20

20

30

21

24

20

23
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<210> SEQ ID NO 55
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 55

tgcctaaacyg cctcatcatg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 56

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Probe

<400> SEQUENCE: 56

ccacgtggac caggcgacca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 57

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Primer
<400>

SEQUENCE: 57

tcatggaaag cctectgtgga t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 58

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Primer

<400> SEQUENCE: 58

geggecegty atgaga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 59

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Probe

<400> SEQUENCE: 59

cccacaagte ccagaaccge agtg

20

20

21

16

24

What is claimed is:

1. A compound comprising a modified oligonucleotide
consisting of 17 to 30 linked nucleosides and comprising a
nucleobase sequence comprising a portion of at least 17 con-
tiguous nucleobases complementary to an equal length por-
tion of nucleobases 1421-1498 of SEQ ID NO: 1, wherein the
nucleobase sequence of the modified oligonucleotide is at
least 90% complementary to SEQ ID NO: 1, wherein the
modified oligonucleotide comprises one or more regions of
alternating sugar modifications wherein the nucleosides alter-
nate between nucleosides having a 2'-OMe modification and
nucleotides having a 2'-F sugar modification, and wherein the
oligonucleotide comprises phosphorothioate internucleoside
linkages located within 3 nucleosides of the 3'-end of the
oligonucleotide.

55

60

65

2. The compound of claim 1, wherein the nucleobase
sequence comprises at least 18 contiguous nucleobases
complementary to an equal length portion of nucleobases
1421-1498 of SEQ ID NO: 1.

3. The compound of claim 1, wherein the nucleobase
sequence comprises at least 19 contiguous nucleobases
complementary to an equal length portion of nucleobases
1421-1498 of SEQ ID NO: 1.

4. The compound of claim 1, wherein the nucleobase
sequence comprises at least 20 contiguous nucleobases
complementary to an equal length portion of nucleobases
1421-1498 of SEQ ID NO: 1.

5. The compound of claim 1, wherein the modified oligo-
nucleotide consists of 18 to 24 linked nucleosides.
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6. The compound of claim 1, wherein the nucleobase
sequence of the modified oligonucleotide is at least 95%
complementary to SEQ ID NO: 1.

7. The compound of claim 1, wherein the nucleobase
sequence of the modified oligonucleotide is 100% comple-
mentary to SEQ ID NO: 1.

8. The compound of claim 1, consisting of a single-
stranded modified oligonucleotide.

9. The compound of claim 1, wherein the modified oligo-
nucleotide is an RNA oligonucleotide.

10. The compound of claim 9, wherein the compound
comprises a double-stranded RNA oligonucleotide, wherein
one strand of the double-stranded RNA oligonucleotide is the
RNA oligonucleotide comprising a nucleobase sequence
comprising a portion of at least 17 contiguous nucleobases
complementary to an equal length portion of nucleobases
1421-1498 of SEQ ID NO: 1.

11. A method of treating an alpha-1-antitrypsin deficiency
(A1ATD)-associated liver disease in an animal comprising
administering to the animal the compound of claim 1, thereby
treating the A1ATD associated liver disease in the animal.

12. A method of reducing liver fibrosis in an animal com-
prising administering to the animal the compound of claim 1,
thereby reducing liver fibrosis in the animal.

13. A method oftreating an A1 ATD associated liver disease
in an animal comprising administering to the animal the com-
pound of claim 10, thereby treating the A1ATD associated
liver disease in the animal.

14. A method of reducing liver fibrosis in an animal com-
prising administering to the animal the compound of claim
10, thereby reducing liver fibrosis in the animal.

#* #* #* #* #*

10

15

20

25

30

168



